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A book is the product of the author’s limited 
education and experience, and nothing else. This 
particular book is the outgiving of an editor and 
field geologist who for a quarter-century directed 
the volcano experiment station at Kilauea, and con¬ 
ducted expeditions in volcaneering around the Pa¬ 
cific Ocean. The volume is not a textbook and 
presents no histories of each locality. It is de¬ 
signed to show the educated layman pictures by 
word and by camera of nature’s fireworks. It ex¬ 
hibits, sometimes startlingly, events that were 
startling. 

The eruptions differ greatly, but there is method 
in their madness. Some places smolder, some vomit 
molten stuff that is a vitreous slag, some pull down 
their lavas and shoot up columns of violent steam 
from the “waters under the earth.” Some do all 
these things in different centuries. The Pacific 
girdle of fire is the most systematic series of par¬ 
titions on the globe, dividing its surface by means 
of downgoing upright lava-filled fractures. Such 
a partition goes down perhaps 1800 miles to the 
core of the globe between Alaska and Patagonia, 
between Kamchatka and Java, with jostling of big 
earthquakes along the line. They are divided into 
curved cracks in plan, no one knows “why. The 
pictures here presented take the reader on a voyage 
to explore the “how.” He may invent his own 
“why.” 

Incidentally the reader will learn what geologists 
observe, and the guesses they make as to the 
“how.” No attempt is made to talk to children. 
On the other hand there is no abstruse science. The 
men and women with so-called “college education 
have been the author’s friends, and also many sail¬ 
ors, contractors, engineers, drillers, soldiers, teach¬ 
ers, organizers, and mechanics who are a hundred 
time more skilled than mere scholars. These are 
the people he is talking to. If he were asked what 
group he admires the most, he would say the in¬ 
ventors, explorers, and engineers. 

In each region the twentieth century gels first 


attention, but in many places up-to-date informa¬ 
tion is lacking. Always the object of field volcano 
science is to help humanity, if possible, in protec¬ 
tion, in foresight, and in common-sense knowledge. 
The chapters go from Hawaii to the South Seas, 
and then clockwise around the ocean’s border with 
excursions into the East Indies and the Caribbean. 

It is not advisable in such a book to be always 
orderly and consistent. Here are descriptions, en¬ 
gineering experiments, statistics, journals of ex¬ 
peditions, theories, adventures and surveys, insur¬ 
ance and economic use of power. 

There is a curious defect in man’s science of 
geology, the word meaning “the logic of our 
earth.” It lies in the fact that we know far less 
than a third of the earth, with more than half under 
water. Our ignorance of the land-half, under the 
deserts and jungles and mountains is profound, 
but our ignorance of the rock under the ocean is 
merely neglect of our opportunity to acquire a new 
skill. 

Pure science of electricity and microscope and 
stars excites the imagination. Rock, minerals, heat, 
volcanoes, magnetism, shakings, intrusions, hot 
waters, metals and oil under the deep ocean bottom 
discovered by direct experiment, all remain to be 
explored. And yet Amundsen was reported to com¬ 
plain after reaching the South Pole, “There is 
nothing new left to discover!” 

The Weerfare against Volcanoes 

Hawaii was the place where the war of the sky¬ 
ways broke out on December 7, 1941, and where 
the war against volcanoes had been going on sys¬ 
tematically since 1911. Both wars have much in 
common, demanding services of intelligence, scout¬ 
ing expeditions, mapping, photography and sup¬ 
ply, while the main base is essentially a listening 
post with all the resources of science, invention and 
industry brought to bear on detection of the 
strategy of the enemy. 

In thirty years of volcanology in Hawaii the 
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warfare analogy was carried to attacking the sup¬ 
ply route of the volcano enemy with air bombers, 
and army engineers were called in 1939 to apply 
the principles of fortification and obstacle. This 
made the growth of the science trend from geo¬ 
logical chemistry to defensive engineering in the 
course of a third of a century. 

As twentieth century volcanology, from the Pom¬ 
peii of Martinique in 1902 onward, began with 
urgent human need for something more than geo¬ 
logical chemistry, so it is appropriate that at the 
time of the coming of the Pacific war, the science 
should have been bending all its energies in Ha¬ 
waii to the defense of a harbor. 

With the growth of the International Geophysi¬ 
cal Union this century has seen great progress in 
earth physics. Volcanology, along with meteorol¬ 
ogy and oceanography, is one of the sciences of the 
middle ground, in between the precision micro¬ 
scopes of physical chemistry and biology, and the 
precision spectroscopes of astrophysics. These 
middle sciences deal with the air, the water and the 
inner earth, and with attempting to predict their 
doings, as distinct from classifying and interpret¬ 
ing the data of specimens and history. 

Steam versus Xtova 

To avoid doubt at the outset, the writer here ex¬ 
plains that for the agelong controversy questioning 
whether the big explosions of volcano history were 
made by lava gas or by underground water, he in¬ 
sists on the basis of Hawaiian experience that these 
two causes of volcano spouting are both operative 
and are sharply distinct, at the two poles of volcano 
force; however, they may be mixed by earthly 
contaminations. 

It all depends on the use of the word “explo¬ 
sion.” There are bursting steam boilers, rushing 
steamblasts, water jets followed by steam as at 
geysers, chemical explosions by union of inflam¬ 
mable gases and air, oxidizing gaSes rushing up 
through molten slag in confinement, froth foun¬ 
tains flaming and breaking the confinement of vis¬ 
cosity, and finally elemental or compound gases in 
solution in a vitreous melt under pressure, giving 
that melt its life and expanding power amid the 
mysteries of earthquake disaster, of ocean bottom, 
and of the sun matter at the earth’s core. 

This is an entire world of chemistry, and it is 
the same chemistry that demands Ufetimes of work 
at &e precision laboratories. We are concerned 
with the field and some 450 active volcanoes. When 


they *^erupt,” they are actuated by magmatic gas, 
or work as steam engines from shallow water boil¬ 
ers, or else the type volcano does both these things 
at different times and in varying degree. Neither 
the one nor the other action can be excluded from 
taking part in the volcano process. There is a sea 
of ground-water under active volcanoes; and there 
is rising gas-charged incandescent paste of silicate 
slag imdemeath active volcanoes. 

The glassy paste comes up cracks and is capable 
of making a gas-tight glassy mantle against the 
' crack wall to shut in its own hot effervescence, and 
to shut out ground-water. Such volcanoes are those 
of Hawaii, Samoa and Lake Kivu in Africa. They 
are not at all excluded from becoming geysers of 
ground-water steam if their walls collapse and the 
surface vents clog with avalanches of debris. 

But there are two sharply distinct processes; one 
is rising by effervescence with continuous pressure, 
making the normal lava fountain and high-level 
overflow; the other is inbreak or outbreak below 
the ground-water level with a definite sinking of the 
mountain lava, so that voids under craters are 
created that can fill with water and steam and be¬ 
come subterranean geyser chambers. The steam- 
blast eruption resulting is a sharply marked and 
dated event of engulfment that brings to a close 
the period of rising through introducing a period 
of fracture. 

A Mauna Loa or Kilauea lava fountain is not 
in any sense an explosive steamblast eruption. On 
the other hand the killing steamblasts of Kilauea 
in 1790 and 1924 were not in any sense Hawaiian 
lava fountains. The lava piling of Vesuvius about 
1890 was totally distinct from the steamblast erup¬ 
tions of 1872, 1906, and 1944. The piling up of 
lava heaps at Pelee, Santa Maria, Katmai and Anak 
Krakatau, after their tremendous steamblast col¬ 
lapses, was the reaction of magma in recovery, 
after previous lowering had ruptured blocks of the 
earthcrust, and created sudden steam boilers. 

The steamblast, when a torrent or cascade of a 
lava flow pours into the sea and explodes itself to 
a shoreline conelet with cup crater, is aptly anal¬ 
ogous to a Fujiyama with its crater when Fuji¬ 
yama’s lava torrent suddenly draws down with 
rupture of the land, allowing the magma to escape 
into deep fractures. Inside the emptied well an 
enlarging steam boiler is built, aspirated by iU' 
flowing spring water. 

The exquisite peak may be essentially a geyser 
heap. The lava firids about the mountain’s base 
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are essentially slag dumps from the earth’s core. 
The one is superficial, the other is profound. The 
agglomerate peak is a low-temperature tea-kettle 
product. The lava gushings are hot furnace clinker 

and fuel. 
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The Language of Volcanoes 


Aa—rough sprout-lava 
Agglomerate—volcanic pudding- 
stone 

Andesite—a light siliceous lava 
Anorthite—a basic feldspar 
Assimilation—^melting up of rocks 
Augite—magnesian dark mineral 
Basalt—dark heavy lava rich in 
iron 

Basanite—a feldspar basalt 
Batholith—deep intrusive magma 
body underground 
Biotite—a dark mica 
Breadcrust bomb—eruption bomb 
with cracked surface 
Breccia—rock made of fragments 
Burette—graduated glass tube 
Caldera—crater of engulfment 
Country rock—ancient bedrock 
Cumulo-dome—dome of lava ac¬ 
cumulation 

Dacite—a quartz-bearing basalt 
Dike—crack filled with lava 
Diorite—basic granitic rock 
Drumlin—gravel dome from under 
glacier 

Ejecta—matter thrown out 
Emulsion—a mixture such as dust 
in gas 

Epicenter—place above earthquake 
source 

Exothermic—reaction releasing 
heat 

Fault—rock crack with offset sides 
Feldspar—flight colored silicate 
mineral 

Fumarole—filming vent 
Gabbro—plutonic coarse basaltic 
rock 

Geonomy—science of earth laws 
Graben—^own-sunken fault block 
Grano-diorite—between granite 
and diorite composition 
Ground-water—underground fresh 
water body 

Hematite—red oxide of iron 
Herzberg or Ghyben-Herzberg law 
—deep groimd-water body over- 
lies salt water 

Hornblende—a dark iron-magnesia 
mineral 

Hyalite—glassy transparent hot- 
spring silica 

Hypersthene—a magnesian dark 
mineral 

Hypomagma—d e e p gas-charged 
hot magma 

Igneous—^fire-melted matter 
Ignisept—dike partition in the 
glo& 


Inclusa—matter engulfed 

Intrusive—magma that intrudes 
cavities 

Isoseismals—belts of equal earth¬ 
quake intensity 

Isostatic balance—high light land 
and low heavy sea-bottom 


Metric Equivalents 
Centimeter—four tenths of an inch 
Kilometer—six tenths of a mile 
Meter—thirty-nine and one third 
inches 

Millimeter—one twenty-fifth of an 
inch 


Kame—sand hill left by glacier 
Labradorite—a soda-lime feldspar 
Laccolith—a lens-shape intrusive 
body 

Lapilli—little stones 
Leucite—a potash mineral 
Lithology—science of rocks 
Magma—underground melt that 
makes lava 

Magnetic declination—true direc¬ 
tion a compass needle points, 
which periodically changes 
angle. Lava is magnetic 
Magnetite—magnetic oxide of iron 
Meanders—sinuous curves of a 
stream 

Microlite—microscopic incipient 
crystal 

Monoclinal—tilted in one direc¬ 
tion (strata) 

Monzonite—a form of crystalline 
rock 

Moraine—gravel heap on a glacier 
Neve—mountain snow field 
Nuees—Pelee glow clouds moving 
down rift 

Obsidian—siliceous lava glass 
Olivine—green siliceous gem min , 
eral 

Origin distance—distance to the 
break underground that causes 
earthquake 

Pahoehoe—smooth glassy lava sur¬ 
face 

Pegmatite—^very coarse granite 
Pelean—like Pelee in Martinique 
Pele’s hair—spun glass lava 
Phreatic—eruptive steamy of 
ground-water origin 
Pisolitic—^mud raindrops size of 
peas are pisolites 

Plagioclase—the soda-lime feldspar 
group 


Planetesimal t h e o r y—that the 
earth grew from assembled cold 
meteors 

Plinian or paroxysmal—eruptive 
by violent steam-blasts (Pliny 
Vesuvius) 

Plutonic—deep fire-made rock like 
granite 

Post-miocene—period after middle 
Tertiary 

Preliminary phase—first motion of 
earthquake recorded on seismo¬ 
graph 

Pyroxene—dark mineral in lava 
Rhyolite — excessively siliceous 
lava 

Rift belt — an eruptive cracked 
zone 

Schist—ancient mica rock 
Scoria—porous ejected lava frag¬ 
ment 

Scree—gravel slide slope 
Self-heating lava—heating by es¬ 
cape of dissolved gas 
Selvage—glassy edge to igneous 
rock section 

Sill—intrusive lava between strata 
Sinter—a hot-spring accretion 
Solfatara—sulphurous hot place 
Sp, gr.—specific gravity 
Spiracle—lava spire built up 
Tailings—rock refuse from a min¬ 
ing crusher 
Talus—a gravel slope 
Tangi—a Maori funeral 
Tectonic—structural in the earth 
crust 

Teleseism — distant earthquake 
seismogram 

Tephrite—a peculiar feldspar ba¬ 
salt 

Tertiary—the geologic age before 
the glacial period 
Tilt—tipping of the ground 
Trachyte—a light lava rich in feld- 
spar 

Tridymite—a crystal form of silica 
Tuff—hardened volcanic dust or 
fragments 

Tumescence — imderground lava 
expanding the land 
Vesicular—^porous with gas bub¬ 
bles 

Vitreous—glassy from quick so¬ 
lidifying 

Volcanicity — underground vol¬ 
canic condition of a country 
Volute—cloud puff 
Water-table—subterranean top sur¬ 
face of the ground-water 
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CHAPTER I 


Broadcasting fro 
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Kilauea^s Fiery Cascades 


Kilauea Volcano, much visited by travellers, is 
appropriate for beginning the story of volcanoes in 
and near the Pacific Ocean. Within each decade it 
has spewed up fiery slag. The reader here listens 
to the deep music and watches the drama of an 
eruption and its effect on people living in Hawaii. 
Then there will be presented the scientific data de¬ 
scribing the phases of the eruption. Here are two 
broadcasts by the author for the Honolulu Ad* 
vertiser, the first September 10, 1934, for the Ha¬ 
waiian Islands listeners, from Hawaii National Park; 
the second September 11 in a thunderstorm on the 
actual edge of Halemaumau pit, a national broad¬ 
cast that was heard distinctly by radio receivers 
from Canada to Mexico, along Avith the detonations 
of the lava bursts on the floor of the pit 800 feet 
below. The eruption had started in the very early 
morning of September 6. 

September 10* Volcano House 

“Tonight in presence of the firepit, with the glow¬ 
ing lava again gushing and pounding and shaking 
the seismographs, I am asked to tell you something 

of the scientific meaning of it. 

*‘We have established here a very small observa¬ 
tory. The University is helping and has made 
some earthquake experiments with the blasts at Mo- 
iliili quarry. The Bishop Museum is studying all the 
Polynesian islands. The plantations are trying to 
find more water underground, and want to prevent 
their soils from washing into the sea. The engineers 
were baffled by the ocean surges at Mala, when 
they found that steamers cannot tie up to the wharf. 

“These volcanic changes, and shakings, and the 
building of coral islands, and the movements of 
the waters, are forces either useful or antagonistic 
to ourselves. We use gasoline from the earth which 


fifty years ago was hardly dreamed of for anything 
but cleaning gloves. The earth is full of secrets like 
this new force of petroleum. Six miles from Kilauea 
in the Kau Desert, we can light a stick at a crack. 
Here is a mysterious volcanic force from the ground, 
where continuously for fourteen years just past, we 
could have boiled water for making steam at those 
cracks. 

“We know a lava-flow is coming out of Mauna 
Loa. Where and ivhen? The answer is written on 
that big round formidable mountain, with its cracks 
and caverns and sulphur and fume. 

“We feel sure that a lava fioAV of 1924 lies under 
the sea east of Hawaii. Nobody has yet tried to 
discover it by sounding. A clever exploration 
there, with sonic sounding, wire sounding, bottom 
sampling, experiments, would make one of the great 
mappings of science, and would set a neAv standard. 

“Ibere is a job for fifty trained men for fifty 
y’ears in unravelling the tangles of sea and land that 
beset us right here in Hawaii. This science of the 
earth will take men away from the cities. That is 
what the science of forestry is doing in the great 
public works program. That is what the Tennessee 
power plant is doing. That is Avhat Boulder Dam 
is doing. 

“It is astonishing that people with power, people 
who can employ labor, people with imagination, 
people who want to make a name or honor a name, 
cannot see the vision of the earth, and all the Avon- 
ders it will yield. They see visions of the stars, but 
they do not see visions of the earth. 

“Here in the light of the fiery lava Avhich has 
risen 1,800 miles through the crust of the earth, 
which makes earthquakes for our seismographs 
twenty miles underground, which pours out under 
the sea or spouts up colossally on top of Mauna 
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Loa, ought we not to be reminded of earth power? 

“An Institute of Earth Research at Hilo could 
make a name for its donor that would live forever 
if it discovered the source of that rock heat at Mauna 
Iki, and the use of the powers of the living earth. 

September 11. Crater's Edge 

“Smooth miles in a noiseless car through hibis¬ 
cus and stately tree ferns and summer habitations 
of men. No trace of volcanoes or brimstone in all 
that Hawaiian loveliness. And then in a flash you 
come upon a smoking fire-hole. 

“A thousand people at the active crater Kilauea 
in Hawaii are standing here, on the edge of a vast 
circular pit three-quarters of a mile across. The 
line of motionless white faces, all turned towards 
the setting sun, is like a concourse of fire worship¬ 
pers. Sulphur of the volcano is in their nostrils. 
All are looking down, over a ring of precipice 800 
feet high. 

“At the bottom is a pool of blood-red molten 
slag. Through it come bursting fountains, making 
slow surges outward of fiery melt. Away from the 
fountains radiate zigzag bright lines. They are 
brilliant orange color, they are cracks eternally 
splitting the dark crust. 

“Between them is a pattern of watered silk, in 
the black satiny robe that clothes Pele the fire god¬ 
dess. This magnificent garment lies over a bowl of 
the earth’s glowing substance, molten glassy basaltic 
foam. 

“Before the outbreak, a week ago, there was a 
hard lava floor, black or rusty, with a conelet at 
one side. The conelet is nearly drowned. The 
whole floor was the top of a taper cork, over con¬ 
verging slopes of debris. The live lava beneath 
lifted the cork and tipped it, escaping violently at 
one side of the neck of the bottle crater. Along with 
it, it lifted an upright slab of the wall four hundred 
feet high, and the glowing stuff squirted up the 
crack behind the slab. 

“The eruption was the result. It was a quiet, 
instantaneous and unexpected gushing, in the dark 
before dawn, September 6. The evening before, 
nothing. The week before, nothing. The month 
before, nothing. People woke up, rubbed their 
eyes at three a.m., saw a brilliant glow and a vast 
cloud at the big inner pit two miles away. No one 
is frightened. Everybody cheers in Hawaii. Pele 
has come back! 

“It was all arranged as though the tourist stand, 
on the south-east side of the fire-pit, had been laid 
out by Pele herself. In twenty minutes people were 


standing there, within a thousand feet of the near 
side of the lava lake, and just where President 
Franklin Roosevelt’s car stood a month and a half 
ago. There was no danger, the air was clear, the 
tremendous fire-fountains and cataracts were all on 
the opposite side, and so were the whirlwinds. The 
best photographs were all made right there. 

“The most spectacular and unusual feature of 
this lava rising was what happened at the wall 
slab, an immense cascade of incandescent liquid 
rock. Ribbon cataracts four hundred feet high, 
about twenty-five of them side by side, along a hori¬ 
zontal crack nine hundred feet long, fell from half¬ 
way up the wall of the pit. The liquid coalesced 
into a Niagara of fire at the side of talus. These 
cascades stopped flowing about three hours after 
the beginning of the eruption. 

“A short distance to the north, at the edge of 
the glowing lake, were brilliant jets squirting up 
as though from hose nozzles, and criss-crossing 
against another slide-rock slope. These were more 
noisy, with deep rumble, than any of the other 
phenomena of the eruption. This rumble is due to 
gases rushing and shaking the whole volcano. 

“Still farther around out in the lake was a tre¬ 
mendous fountain, shooting up three hundred feet 
in huge ropy flings, which slopped down into the 
surface of the lake. The lake itself was indescrib¬ 
ably beautiful, a vast labyrinth of glowing cobweb 
pattern ever changing radial and concentric to 
the central fountain group. The fire-surf pounds 
on the shore, and the shore itself changes in the 
course of a few days of activity, A beach rampart 
forms. Then as the lake rises, slabs of crust pile 
up higher and higher on this rampart. It is like 
an ocean barrier beach of big flakes of stone, only 
the sea is made of fireworks. 

“The deep shaking was such that all our seis- 
mographic instruments were vibrating violently, 
in unison with the trembling of the fire goddess. 

“One of these machines is an annunciator, which 
rings a bell in the room above. When on the 
second day of the eruption, the big fountain started 
banging away like a big gun, this bell would ring 
in the Observatory building. Every detonation 
two miles away completely announced itself, as 
though Pele were pressing the button. 

“The whirlwinds were set going by the very hot 
rush of gas on the side of the pit away from the 
people. A strong trade-wind threw this into cy¬ 
clonic motion. Fragments of pumice, red hot, were 
falling on the west floor of l^auea the first day- 
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Some of them were a foot long. The whirls merged 
together and swept up the gravel on the ground as 
though with a giant's broom. I walked through 
this region on the first morning, in the light of the 
glowing pit, in order to read the tilt-meter in our 
cellar on the west side. My assistant picked up a 
pumice fragment with enough glow inside to light 
his cigarette. Now and then we had to crouch 
down to keep from being blown over. The gas 
and flying sand were trying, but the mighty yellow 
clouds shooting up above us, full of light fragments 
that floated down, made a marvellous spectacle. 
And the great billows of cloud rolled away to lee¬ 
ward for fifty miles in a straight battalion of 
brownish volutes, tinged with pink by the rising 
sun. Pele had declared war! 

“What does it all mean to science do you say? 
Eight eruptions in ten years have laid new layers 
of lava on the bottom of Halemaumau pit in 
Kilauea crater. The layers average about sixty 
feet each. The pit is now about 800 feet deep, 

“We have three active volcanoes in Hawaii, 
Kilauea, Mauna Loa and Hualalai. Mauna Loa 
had an outflow to the sea and destroyed a village 
in 1926. It erupted gloriously at its summit crater 
last December, and the travellers visited it in air¬ 
planes. We had a steamblast eruption from Kilauea 
in 1924, and probably a mighty lava-flow poured 
out under the ocean to the east, where the water 
reaches 18,000 feet of depth. We had a great 
trembling and shaking, thousands of earthquakes 
in a few weeks, from the volcano Hualalai on the 
west side of Hawaii in 1929. Add these things to 
Kilauea and you get eleven events in ten years. 
Who shall say that the Goddess is dead? 

“A lava flow is soon coming from Mauna Loa. 
(It came November 21, 1935; see Chapter III.) 


The scientific observatory of Hawaii National Park 
has been accumulating records for twenty-two years. 
Hawaii is the most perfect natural laboratory in 
the world. Here new land is being made, wind 
and weather act upon it, ocean and rivers sweep 
down the rubbish, and under all the crust of the 
globe is lifted. The Observatory will measure 
everything for a century to come. The measure¬ 
ment of the living earth and its breathing is just 
as important to your state as to Hawaii. Volcanoes 
in the past erupted everywhere in the far West, and 
in the Carolinas, Virginia, Pennsylvania, New Jer¬ 
sey, New York—your Palisades are a mass of 
Hawaiian lava—and in Connecticut, Massachusetts 
and Nova Scotia. But here in Hawaii you can 
take the pulse and breath and temperature of new 
rock when it is a borning, and when it is making 
earthquakes. All over the globe there is need for 
more explorers for the study of the living earth. 

“And now, listen to the Fire Goddess Pele her¬ 
self in the throes of her birth-pangs, listen to the 
pounding of liquid lava, to the bursts of earth puff¬ 
ing, to the surging of the waves of molten rock on 
the shore, all carried to you on the wings of radio, 
185,000 miles a second . . 

Details of the Eruption 

In Halemaumau pit there were slides before and 
after noon September 5, 1934, and the seismograph 
in a cellar near the southeast rim of the pit regis¬ 
tered southwesterly tilt on the afternoon of this 
day. This was the first conspicuous premonitory 
symptom of the gushing up of lava in the bottom 
of the pit about 2:44 a.m. September 6. 

Tremor spasms recorded aeismometrically began 
at 1:07 a.m. September 6 and occurred at intervals 
of a few minutes. Shocks close to the pit accom- 



Figure 2. Croee section of Halemaumau in true proportions 
showing layers of lava since 1924. reducing depth 
of pit by hoU. Elevations above sea level. 
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panied the outbreak, a feeble one at 2:44 a.m. 
being followed by the continuous tremor which is 
characteristic of the rush of gas that accompanies 
fountaining. At the same time the bright glow of 
inpouring lava appeared, and clouds of fume arose. 
The fountaining places began at the edge of the 
lava floor at the bottom of Halemaumau on the 
north, northwest and west sides. The gush of 
gas bringing with it lava foam emerged through 
talus slopes at the first two places. The third was 
altogether different, and unique in the experience 
of the Observatory. 

This was the gushing up of lava 2 dong an exten¬ 
sive fissure, forming a vertical concentric crack 
back of a western buttress of the wall. The lava 
squirted- up in 25 jets along a horizontal line half 
way up the wall of the pit. The frothy lava so 
ejected cascaded down the wall in ribbon cata¬ 
racts. They poured over the large west talus between 
3 a.m. and 6 a.m., and then went out of action. 
Ten main vents persisted until 6 a.m. along the 
cascade crack, the cascades being from 300 to 400 
feet high, and there were two or three subordinate 
cascades, on an extension of the crack which opened 
on the northern side of the buttress. This buttress 
was in the nature of a fault slab, with the live dike- 
fissure behind it. The wall of a pit of this kind 
is made up of several such imbricating fault blocks, 
produced by the caving away on tangential mar¬ 
ginal cracks of the rim portions, and the leaving 
of a remnant buttress below. The vertical crack 
behind such a buttress is often not at all in evi* 
dence, and is frequently covered by scree. 

The two photographs sho^\rn in Plate 1 are the 
night scene and the daylight view, which last was 
made from an airplane. Both pictures were from 
the southeastern side of the pit, the night scene 
about 4 a.m. September 6, while the cascades were 
in action, the daytime v^ew at 9:30 a.m. Septem¬ 
ber 7, the second day of the eruption, after the big 
western fountains had entirely ceased action. The 
two views show the contrast between the liquid 
flood of the first few hours of one of these pit 
eruptions, and the chilling around the borders 
which rapidly takes place afterward. 

The extraordinary feature of these photographs 
is the great western cascade. The upright frac¬ 
ture along the middle of the wall slope was 900 
feet long and extended under the larger west talus 
along a horizontal belt, flows poured over the rock 
buttress where ffiere is an old intrusive body of ir¬ 
regular form, and still others cascaded out of the 


crack on the north side of the buttress, and it will 
be seen that the crack behind resisted the splitting 
effect for a quarter of its length. 

The most violent fountains were those at the 
northwest side of the pit shown at the right of the 
night photograph. These were several hundred feel 
high, like jets from hose nozzles, covering the 
northwest wall and talus with pumiceous lava. The 
fragments of pumice were ejected several hun¬ 
dred feet above the rim of the pit the early morn¬ 
ing of September 6, and fell in light spongy frag¬ 
ments as much as a foot long over the floor of 
Kilauea crater to the southwest. There was not 
much Pele’s hair, but coarser needles of basaltic 
glass were common. 

This eruption of Kilauea may be divided into 
four phases; (1) the large liquid pool of Septem¬ 
ber 6; (2) the small lake heap and overflows which 
developed September 7 to 20; (3) border trickle 
flows from the wall-crack margin of the floor Sep¬ 
tember 20 to 30 and (4) the period of subsidences, 
with detonations and intrusion from September 22 
to October 8. These phases were more illuminating 
in revealing new explanations of some habits of 
Hawaiian lava, than anything which has happened 
here for many years, and showed how important is 
intrusion. 

Phase One: The Large Liquid Pool 

This is the phase illustrated by the night photo¬ 
graph, and its decline is shown by the picture of 
September 7, (Plate Ic). Sulphurous fume of cin¬ 
namon red color in transmitted light boiled up 
several thousand feet during the first 12 hours. 
The reflected fountain light was yellow-green to 
orange. The noise was a rumbling, and a rushing 
of gas, while hundreds of whirlwinds swept clouds 
of surface dust west and southwest of Halemaumau, 
and the odor was that of sulphur dioxide. 

At 4 a.m. September 6 there were 30 jet foun¬ 
tains, and by 8 a.m. the new pool had covered the 
former floor 60 feet deep. Its area was 90 acres 
and its volume nine million cubic yards. Only the 
top of the 1933 cone was still emergent. At noon 
the north fountains had dwindled, the northwest¬ 
ern ones were very violent, and the lava lake was 
covered with a bright-line pattern and black silky 
skins. A bench and rampart of crusts developed 
around the lake, wider at the talus slopes where 
the submerged slope was flatter. Between 3 and 
4 pjm. the violent northwest fountaining stopped 
rather suddenly, and only thin blue fume was left 
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rising from the north central fountains within the 
lake area itself. 

Shrinkage of the lake now started in, so that 
by September 9 there was an inner lake 1,100 feet 
in diameter surrounded by a floor which had shrunk 
and lowered beneath the border rampart 10 to 20 
feet. The remnant lake was concentrating about 
the fountains at the NNE side of the floor. On all 
sides there was a slump scarp at the inner border 
of the rampart. The lake September 10 measured 
1,000 feet east-west by 400 feet north-south and 
became defined on top of a terraced heap as an 
oval plateau surrounded by a rim, over which went 
overflow. Within the lake spatter banks formed be¬ 
hind the two bigger fountains, showing that the 
lake was shallow, and that only the fountains were 
over source-wells. 


Phciso Two: Small Lake Hecrp and Overflow 

As early as September 7, temporary tremor in¬ 
crease rang the seismomelric annunciator bell at 
the Observatory two miles away. This meant that 
the larger fountain was making blast-like deto¬ 
nations, flinging up lava froth 300 feet, and emit¬ 
ting brown puffs. These detonations from the 
fountain wells increased as the vents clogged. Sep¬ 
tember 15 there were five principal fountains, and 
a line of shoals across the lake. The reduced lake 
began to develop an interior topography, with a 
cone and crater around the large western fountain 
and nine other fountaining vents amid six islands 

and a peninsula. 

By September 20 the floor measured 2,700 by 
2,200 feet, and the lake oval was a detail within 
it at the north measuring 744 by 390 feet. The 
lake pool was on a heap 38 feet above the floor, 
and the highest grotto heap piled by the fountains 
stood 136 feet above the pre-eruption floor im¬ 
mediately under it. The average 1932 floor level 
was 2,796 feet above sea-level, while the average 

1934 new level was 2,874 feet. 

Overflows built up the new lake heap and 10 
cracks developed in the outer floor radial to the 
lake, indicating that the lake heap was over a 
laccolithic swelling. Within the lake the stream¬ 
ing was from west fountains to east fountains, 
and sometimes the latter exhibited inward cascad¬ 
ing downward. Evidently a convectional circula¬ 
tion was being established. Finally the sinkhole 
well tended to explode with detonations. Over¬ 
flows were numerous from the lake so that it was 
being built up on a slag heap. 


Phase Three: Lava Trickle Up the Wall-Crack 
A new feature appeared September 20 around 
the extreme edges of the floor in the shape of a 
welling up of red lava, between the talus and the 
cake of 1934 fill, which constituted the floor. This 
was the first time in this eruption that any glowing 
lava had appeared from a source away from the 
fountaining wells. The trickles began along the 
talus edges, but eventually extended to places where 
the floor made contact with the rock wall of the 
pit. In no case did they cascade over the slump 
scarp inward, but the lava rose as a dike between 
the floor cake and the containing funnel. The 
band of border extrusion was 20 feet wide in places, 
and it gradually extended to all sides of the floor 
with the exception of the north edge that was clos¬ 
est to the lake. The marginal extrusion was al¬ 
ways simultaneous with extra pressure at the lake, 
accompanied by lake overflow. It was evident 
that intrusive action was going on under the floor. 
Transit surveys in the course of the eruptive 
period showed that the outer floor rose, and the 
lake area gradually lost its relief. 

Phase Four: Subsidence With Detonations 

Detonation spells from both the east and west 
wells, which had built cones within the lake, re¬ 
curred from time to time during September 22. 
This usually happened when the east fountain had 
been transformed into a sinkhole grotto at the level 
of the lake, big bursts of gas and flame came up, 
and downpouring would last from 10 to 20 min¬ 
utes. Then the pot would resume ordinary foun¬ 
taining with outward flowing streams. During 
the detonation spells, tremor increased at the seis¬ 
mographs. By September 23 the west fountain 
had become a pool in a raised craterlet, from which 
a cascade poured into the lake. This craterlet 
also made noisy explosions, and four avalanches 
were noticed at the north wall of the pit close by. 

About 2 p.m. September 23 the lake with west 
cone explosions drained away through the eastern 
sinkhole leaving a saucer 20 feet deep, and then 
the liquid poured in again. These drainages in¬ 
creased in duration until October 1. Their vio¬ 
lence also increased, they lasted from an hour to 
two hours, and the intervals between them were 
notably about six hours. The detonations were 
finally heard three miles away. 

It now appeared that the whole floor was swell¬ 
ing with intrusion, and a concentric ridge around 
the edge of the floor replaced the former slump 
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scarp. Apparently the pulsations of lowering the 
lake basin were occasioned by inflow of the liquid 
under the shell of floor crust. The floor was 
lifted and the lake area went down. Gradually 
they were brought to a common level. The ex¬ 
plosions were due to clogging of the gases in the 
increasingly viscous lava of the wells, and to the 
confinement of a small shaft. Failing to overflow 
the wells became gun-barrels. With each detona¬ 
tion an umbrella-shaped fling of stiff lava would 
shoot up, sometimes 400 feet, the roofs of the 
grottos would be blown to pieces, and fragments 
would clatter down all over the surrounding sur¬ 
faces. Toward the end the explosive spells would 
be followed by complete quiet for a half hour. 
Then the liquid would quietly recover in the wells 
and restore the lake to a period of four or five hours 
of quiet streaming. 

The detail of a sinking spell was as follows: At 
9 a.m. the west fountain cone was cascading over 
its flank; at 11 a.m. the lake saucer was 25 feet 
deep, with shoals on its bottom, and both east 
and west wells were cannonading vertically, long 
squirts of viscous melt were sent up 200 feet or 
more, the intervals between detonations or hisses 
were from 5 to 10 seconds. The lava pooled in 
the wells and came back with quiet fountaining 
just after noon. The explosions gradually lessened, 
a fan-shaped flow on the lake bed from the west 
fountain encountered an expanding puddle from 
the east fountain in mid-lake, and the entire body 
of new liquid overrode the foundered crusts that 
formed the floor of the lake. 

September 28 and 29, and again on October 1 
occurred the last overflows of the lake margin. The 
extraordinary intrusion ridge at the edge of the 
floor at the foot of the east talus had become 25 
feet high, crevassed along its crest, and the floor 
on the inner side of this ridge, which had been 15 
feet below the slump scarp around the margins, was 
now 25 feet above it. The actual lift of the floor 
therefore, above its slumped position of three weeks 
before was of the order of 50 feet. 


The lake area was gradually converted into sev¬ 
eral ponds. By October 3 three-quarters of the lake 
basin had become a slag heap, with the northern 
pool a depression in its flank 300 feet long. There 
were evidently tunnels leading from the cone pots 
‘to the lakes. Several pots had developed and 
these became smoke holes. October 5 the lake area 
had collapsed, blowing noise was audible and some 
streaming was still visible. Thudding noise was 

heard in the western part of the swelling floor, and 

* 

prolonged slides at the north wall of the pit showed 
that slumping of the lake area was in progress. 
The eruption ended October 8 and subsequent 
shrinkage caused numerous slides from the pit walls. 

From time to time the Observatory runs levels from 
a bench mark on the gravel spit south of Kilauea 
crater as a base, so as to close a circuit aroimd the 
rim of Halemaumau pit. After the eruption, Oc¬ 
tober 17-25, A. E. Jones ran such a leveling circuit 
to discover changes since July 2, 1934. Treating 
“Spit” bench mark as stationary, results showed a 
stretch of the north rim of Halemaumau 1,800 feet 
long to show positive elevation to a maximum of 
1.28 feet; along 1,000 feet of the rim on each side 
of the elevated tract, negative elevation to a maxi¬ 
mum of 0.5 foot occurred northwest and northeast 
of Halemaumau. The remainder of the rim showed 
diminishing depression southward to a line of no 
change 400 feet SSE from the pit. 

It should be observed that the north tilt cellar 
near the pit rim was much less disturbed by the 
eruption than the two other cellars southeast and 
west, as though the north were comparatively rigid 
ground. The rift belt of the mountain crosses the 
pit from southwest to northeast. The bench mark 
“Spit” lies within an old graben fault-block on the 
side of downthrow relative to the north side of the 
rift belt. It seems likely that the evacuation of 
magma produced by the eruption undermined this 
fault-block, that the northern country remained 
relatively stable, and that what is really represented 
by the level change is a lowering of the bench 
mark, rather than an elevation of the northern rim- 


The illustration in Figure 3 (in plate section 
following page 80) indicates how the lava lakes 
change from month to month in such a year as 1917. 


CHAPTER n 


What Happened 


in Halemaumau’s Steamblast Eruption of 1924 


As the steamblast eruptions of Kilauea in May 
1924 represented the end of the supercycle of 134 
years, and of the last of the 12 eleven-year cycles 
with its peculiar terminal characteristics, it is 
profitable to inquire what prophetic occurrences 
filled the years just preceding the eruption. For 
the similar eruption of 1790 we have only the hint 
in the tradition of the natives that there was a lava 
flow in Puna off to the east of Kilauea about 1788. 

Until 1921, when in March there was a maximum 
of overflow from the actual lip of Halemaumau pit 
inside of Kilauea Crater, no very marked break¬ 
down of the rim of Halemaumau had occurred, the 
pit outline enclosing the overflowing lava column 
was about as small as it had been in 1919, and the 
only outflow from the flank of Kilauea Mountain 
had been the Kau Desert activity of 1920. After 
the 1921 overflows the lava of Halemaumau sub¬ 
sided twice moderately with recovery of the lava 
following the sinking. Thus it may be said that 
until May 1922, or just two years before the great 
steamblast eruptions, the only events that predicted 
those eruptions were: (1) the supposition of a 
supercycle about 132 years long after 1790; (2) the 
general decline in volume of Hawaiian flows for the 
last half of the supercycle after 1855; (3) the down¬ 
hill progress of flank outflows from Mokuaweoweo 
1914, to Puu o Keokeo 1916 and 1919, and then to 
Kau Desert 1919-20; this outflow from the flank of 
Kilauea was a suspicious new feature. 

We read in the journal of the Observatory May 
13, 1922, “This day was the end of the prolonged 
rise.*' The liquid lava had risen to a point 49 feet 
below the rim, fountaining and splashing activity 
varied, outer pools of lava between inner crags and 
the rim of Halemaumau often overflowed their 


banks, flames were abundant, and an oven cone on 
a crack outside of Halemaumau in the floor of 
Kilauea Crater showed glowing slag about 50 feet 
down. Then in the third week of May the rising 
which had started in November 1921 ceased, and 
by May 21 the lake level had dropped 300 feet 
steadily and majestically, the crag peaks between 
the pools maintaining their identity as they went 
down. Avalanches from crags and walls were nu¬ 
merous. There followed swarms of earthquakes, 
many of them perceptible over the island of Ha¬ 
waii. The shelf of new lava caved away, making 
glowing avalanches. The crags and lava lakes were 
enveloped in debris slopes. Avalanches increased 
and sent up cauliflower clouds of dust. On May 26 
this made a thunderous roar heard many miles 
away, the rim of the pit was generally carried away, 
and at the southwest the collapsed rift made a smok¬ 
ing canyon extending Halemaumau 500 feet in that 
direction. The pit was enlarged from an oval of 
maximum diameter about 1,400 feet to an irregular 
cavity 2,000 feet long by 1,500 feet wide. By May 
31 the top of the lava column had subsided at least 
1,000 feet and the vacant cauldron was floored with 
debris 861 feet down. At 8 p.m. May 28 lava 
fountains broke out on the side of Makaopuhi 
Crater (end of Chain of Craters Road) along the 
rift east, and it was evident that the great eastern 
rift was receiving the underground drainage from 
Halemaumau and vomiting up a little of it in these 
local eruptions. This outflow was all at lower level 
than the Kau Desert outflows of 1920. In the map 
of Figure 5 Makaopuhi is east of Kilauea Crater. 

The lava column was executing pulsations of 
subsidence, but the mountain edifice had not yet 
yielded sufficiently to let the lava of Halemaumau 
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escape under the ocean to the east. Superficially 
the lava crust solidified in the eastern pits Makao- 
puhi and Napau; in July and September of 1922 the 
liquid slag burst through the talus slopes of Hale- 
maumau and started to fill the bottom of that pit, 
and pulsations of rising followed so that at the end 
of June 1923 a sea of lava with a narrow shelf 
around its border extended from cliff to cliff only 
129 feet below the edge of Halemaumau. The se¬ 
quence of events always suggests that the basaltic 
melt has an unconquerable gas potential actuating 
it, but the pressure of the big mountain slabs, now 
yielding a little to the gas expansion, and now 
again reasserting itself under gravitation, controls 
what the gas in solution can do. According as the 
edifice breaks down or splits apart in spasms 
through the ages, the so-called eruptions of lava 
break out or fill the pits as directed by the yielding 
of the mountain slabs. A map of the Kilauea rift 
system shows that it consists of a series of big 
slabs on the southeastern slope of Mauna Loa which 
have been slipping seaward for ages. 

On August 24, 1923, the lava in Halemaumau 
was still high, only 220 feet down, but a subsidence 
had begun. Local earthquakes became numerous; 
by August 26 the bottom of the pit was full of 
enormous jagged and tilted blocks and hardly any 
fire was visible except where lava was streaming 
out of a crack at the southeast. By August 28 Hale¬ 
maumau was floored with a tumbled mass of broken 
blocks 564 feet down, and a new crack in the Chain 
of Craters country was spouting lava and sending 
up white fumes full of poisonous sulphur vapors. 
This was in the forest west of Makaopuhi, and 
there were sulphurous stains along the flow-crack 
and lava spatter in the trees. The belt of cracks 
extended north and south for a width of 500 feet 
and a length about 2,000 feet. Patches of sluggish 
pahoehoe developed at both ends of the crack belt, 
round holes were produced along the rift lined with 
new lava, small cones and innumerable tree molds 
were formed, and patches of sulphur appeared in 
certain places. In September the lava reasserted 
itself in the bottom of Halemaumau and began to 
rise. The oozing up of lava near Makaopuhi lasted 
only a few days, the visible steam there continued 
for months, and hot vapor along the crack developed 
blue-green algae, these hot places still persisting 
in 1931. 

Again there was revival in Halemaumau, and 
again the great sea of lava was only 121 feet below 
the rim of the pit on January 27, 1924. This was 


followed by the same kind of lowering which had 
occurred in August of 1923, leaving in February 
and March a collapsed tumble of debris with a 
glowing hole about 400 feet down. 

The event of April 21 1924 at Kapoho near the 
east point of the island of Hawaii was unprecedent¬ 
ed for the present generation of men. Prolonged, 
mild quaking began, there were several hundred 
shocks for three days, the ground cracked open in 
several directions, cracks from six inches to nine 
feet across yawned athwart the roads with a gradual 
process of opening, and the principal movement 
proved to consist in a lowering of the fault-block 
at the seashore south of the Kula cliff, east point 
of Hawaii. This was an old fault-scarp facing 
southward. 

The block which moved was about four miles 
long east and west, by a mile wide north and south, 
and it apparently hinged about the cracked zone on 
its south side near Kapoho village, and lowered the 
most along the Kula cliff on its north side, where 
the ground at the foot of the cliff gently dropped 
in the course of a few hours from 9 to 13 feet. This 
movement extended all the way to the sea at the 
east, with gaping cracks along the line of the cliff, 
and the lowering at sea level made new salt water 
lagoons and drowned the longshore vegetation. 
There was not a single big earthquake in the whole 
series of shocks. The fault-block moved almost as 
though it were plastic. Houses and tanks which 
stood at a quarry against the fault cliff were low¬ 
ered bodily and remained erect. Releveling of 
the ground showed a new profile nine feet lower 
than before south of the quarry, and one foot lower 
than before at Kapoho station. 

This April crisis at the east was the last premo¬ 
nitory happening before the Kilauea steamblast 
eruption. It was led up to by earthquakes along 
the eastern rift which seemed to indicate that the 
lava was splitting its way in that direction. When 
the great crash came in Halemaumau in May, the 
supposition appeared to be justified that the lava 
escaped under the ocean to the east. The diagram 
of Figure 30 exhibits lava cycles that led up to the 
great engulfraent. 

Much has been said about the' supercycle of 134 
years which ended in the tremendous steamblast 
eruption of Kilauea in the month of May 1924. 
The present covering of gravel and bowlders on the 
lava around the sides of Halemaumau was all 
thrown out during those three weeks in May in a 
series of violent upward jets of steam charged with 
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rocks and sand, something which none of the pres* 
ent generation had even seen in Hawaii. A much 
bigger ejection of this kind happened about 1790, 
and in 1823 there were steam jets that threw up 
gravel in the lava-flow crack east of Pahala. There 
are some fragmental stones evidently thrown out 
explosively around the crater Mokuaweoweo on top 
of Mauna Loa: no one knows their date. 

The sequence of events in 1924 was like what 
had happened without explosions in May 1922, 
when there had been: 

(1) Sinking of the lava column. 

(2) Great enlargement of Halemaumau pit with 
avalanches. 

(3) Cracking open of the Puna rift to the east. 

(4) Southerly tilt and many earthquakes at 
Kilauea. 

(5) Cauliflower dust clouds rising. 

What was different in 1924 was the subsidence 
farther away along the Puna rift (and no lava 
flow such as had broken out at Makaopuhi in 
1922), this slump occurring in April of 1924 at 
the east point of the island with lowering of a big 
block of country, spreading open of cracks, and 
sinking of longshore vegetation below sea level. 
Then after the cauliflower clouds had been rising 
for several days from huge avalanches tumbling 
into Halemaumau early in May, people began to 
notice a booming concussion in their ears, and 
stones began to be flung up and out, instead of 
merely falling down and in. The so-called eruption 
was therefore a gradual growth beginning the end 
of April with a collapsing bottom of the pit that 
was not at all unusual, producing ejection of rocks 
first on the night of May 10-11 that was very un¬ 
usual indeed, and then exhibiting a series of violent 
steam blasts, at intervals of several hours, for ten 
days following May 13. This crumbled away the 
edge of the pit so that the former rim migrated back 
on all sides for 700 feet, as the geyser-like steam 
blasts accompanied gigantic engulfment of the walls 
of the shaft. May 24 was the last peak of explo¬ 
sive intensity, and thereafter the new type of ac¬ 
tivity waned and ended about May 28 with ava¬ 
lanches and earthquakes all that remained, these 
dwindling during June. 

The summary of the 1924 sequence was then as 
follows: 

(1) Sinking of the lava column in March. 

(2) Cracking open of the Puna rift far to the 
east April 22. 


(3) Subsidence of a fault block at Kapoho in 
Puna. 

(4) Southerly tilt and increasing eeirthquakes at 
Kilauea. 

(5) Great enlargement of Halemaumau pit in 
May. 

(6) Avalanches at Halemaumau making cauli¬ 
flower clouds. 

(7) Same cauliflower clouds containing steam 
blasts upward. May 11. 

(8) Engulfment of pit walls in May, 

(9) Steamblast spasms two hours apart May 13, 
thereafter less often. 

(10) Ejection of stones, maximum May 19. 

(11) Duration explosive spasms, maximum seven 
hours May 19. 

(12) Electric storms maximum May 17-19. 

(13) Felt earthquakes maximum May 22. 

(14) Total earthquake frequency maximum May 
24. 

(15) Cessation of steamblast phase May 28. 

(16) Glowing intrusive body exposed in pit wall 
June 12. 

(17) Adjustment of pit walls June-July. 

(18) Liquid lava in pit bottom July 19 to 31. 

The diagram of Figure 4 shows how these various 

features waxed and waned between May 10 and 
May 27, the number of explosive spasms taking the 
lead at the beginning of the eruption and the num¬ 
bers and intensity of earthquakes dominating the 
situation at the end of the eruption, when the other 
features were declining. The conspicuous mud rains 
accompanied electric storms of the period between 
May 15 and May 19. The caving-in of the rim of 
the pit began at the south-west in the direction of 
the Kau Desert rift of 1920, where enlargement had 
taken place in 1922. Then the breaking-in of rim 
followed around the circle to south, southeast, north¬ 
east, and north until breakdown was balanced by 
collapse at the northwest. Then there was more col¬ 
lapsing all around the previous outline of the pit. 
The greatest engulfment was accomplished during 
the times of maximum steamblast, maximum dura.- 
tion of spasms, and maximum intensity of earth¬ 
quakes. The greatest breakdown of the walls ob¬ 
served took place May 21-22. These were the two 
days following the explosive maxima. 

To give the reader an idea of what happened we 
may quote from the journal of the Observatory a 
few items of May 17-18: “A station was occupi^ 
during the night May 16-17 on the gravel spit 
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southeast of Kilauea. There were explosions at 
1:20 and 1:27 a.m., a continuous roar from 2 a.m. 
on, an avalanche cloud at 2:28 a.m., increased roar 
3:19 a.m., and at 3:20 a.m. the noise increased, an 
explosion occurred, a few red-hot rocks were thrown 
out southeast from the pit, and one minute later a 
few came out from the east side. At 3:32 a.m. the 
cloud had become enormous, the roar was continu¬ 
ous, pisolitic mud began to fall, and at 3:35 flashes 
were seen in the cloud over the pit. At 3:42 there 
was a roar lasting four seconds accompanied by a 
slight earthquake. 

This sort of record was maintained for many 
days at the Observatory, and the seismographs 
showed tilts, prolonged tremblings, and numerous 
earthquakes, and required incessant attention re¬ 
storing the pens to the drums. During the month 
ended May 31 1924, 3,961 local earthquakes were 
registered, the maximum being 467 in 24 hours on 
May 24. Harmonic tremor appeared on the seis¬ 
mograms April 19, becoming moderate to strong 
after May 6, and decreasing May 16 so as to be¬ 
come very slight before the maximum of explosive 
activity was reached May 19. Probably the har¬ 
monic tremor was due to laval surging, which had 
receded to such great depths by May 17 that it did 
not register. In 1924 the tilting of the ground at 
the Observatory in a south and southwesterly di¬ 
rection amounted to 88 seconds of arc between 
January and June, 58 seconds of this was during 
May, and the most rapid tilting took place just pre¬ 
ceding, during, and immediately following the great 
engulfments and steamblasts. There was no good 
correlation between the number of earthquakes and 
the explosion days, true earthquakes increased on 
days when the steamblasts were inactive, but a pe¬ 
culiar shaking accompanied the explosions which 
gave long drawn out seismograms that built up 
gradually, without a preliminary tremor like a true 
earthquake, continuing for half a minute or so, with 
a period of 0.5 second, and then died away 
gradually. 

Continuing the journal of May 17: “The pit was 
visited after 9 a.m. and found greatly enlarged so 
that rim had gone back 200 feet. Depth appeared 
over 1,000 feet, bottom was flat and covered with 
talus material, steam was rising without pressure 
and creeping across the floor irregularly in small 
continuous cottony clouds. The upper walls of the 
pit appeared to slope inward at 60 degrees, approach¬ 
ing verticality farther down, so that the avalanches 
had a free fall to land with a tremendous crash at 


the bottom. Often the rocks fell with a pattering 
sound. The cracks across road 2,000 feet south¬ 
east of Halemaumau had widened and there were 
numerous other cracks between there and the pit. 
The Kilauea floor near the pit was now covered with 
bowlders in large numbers, locally extending a half 
mile from the pit and in places there was at least 
one fallen fragment for every square foot. Some 
bowlders weighed several thousand pounds. 

“At noon came one of the impressive explosions, 
causing great consternation among visitors- At 
12:02 p.m. came a roaring noise and a big dust 
cloud, accompanied by a moderate earthquake. At 
12:32 p.m. there was a roar with a sharp crashing 
noise lasting 50 seconds, and a very heavy black 
cauliflower cloud rose, much bigger than the one 
of the early morning hours. At 12:35 p.m. 15 explo¬ 
sive outbursts rose in the course of 11 minutes, ac¬ 
companied by continuous roaring, and loud crashes 
of thunder made frequent lightning flashes very 
low over the Observatory. Showers of rocks were 
heard falling heavily. At 12:45 p.m. dust and sand 
fell for 25 minutes. A visit to the pit after this 
explosion showed newly fallen hot dust in a thick 
layer near the rim of the pit which had singed the 
grass farther away. The only gas noticed in the 
steam exhaled was a small amount of sulphur di¬ 
oxide.” 

“May 18. At 11:07 a.m. began a great culminat¬ 
ing explosion with tremendous dust cloud and eject¬ 
ed rocks. At 11:09 there was a second explosion 
plastering the area northeast of the pit with hot 
sand for several hundred yards. At 11:20 a.m. 
there was a steady loud roar and a fall of pisolitic 
mud at the Observatory. There was an Observatory 
party near the pit, and during the barrage of 11:09 
a.m. Mr. Truman Taylor was fatally stricken down 
by bowlders and sand on the Kilauea floor about 
1,800 feet southeast of Halemaumau. He was res¬ 
cued, but died after being removed to a hospital. 
The observers were on the sand flat farther to the 
southeast and when sitting on the ground one could 
feel numerous quakes and a rumbling was beard. 
At the 11:09 explosion came a wave of increased 
air pressure that was painful to the ear drums. One 
of the rocks weighing over 300 pounds landed on 
the 1921 lava in the south embayment of Kilauea 
Crater, and another bowlder weighing eight tons 
fell at the landing field, made a deep impact cavity, 
and broke, the fragments bouncing and partially 
burying themselves on the side remote from the 
trajectory. An intense electrical storm followed.” 
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Summit crater lava eruptions of Mauna Loa are 
always followed eventually by a breaking open of 
the mountain flank and emission of lava there. 
Mauna Loa crater filled with 100 feet of fresh lava 
December 2-18, 1933, and on March 16, 1934, the 
following statements were published: (1) A lava 
flow is expected within two years; (2) It should 
come at the north; (3) A likely direction is toward 
Hilo; (4) Several earthquakes, or one severe earth¬ 
quake, may happen at Hilo. 

Eight earthquakes came, one about every three 
months, close to equinox and solstice, some of them 
alarming shocks in Hilo. They occurred through¬ 
out the two years, and this relieved the city from 
any single cataclysm. 

The lava flows came on the north side of the 
mountain November 21, 1935. The near-summit 
gushing of fume, from the new rift which ejected 
the lava, continued until March, 1936. The pro¬ 
longed flow, which developed a vitreous cover, 
moved crookedly north, then on December 22 bent 
east toward Hilo after pooling in the saddle between 
Mauna Loa and Mauna Kea. It was about 15 
miles long including its meanders, and had 20 
miles more to go to reach Hilo. 

Apart from earthquake probability, above noted, 
the Hawaiian Volcano Observatory has experiment¬ 
ed with preparation for emergencies for many years. 
The work is based on statistics and has been useful 
in many eruptions. Hilo is organized through its 
police and Red Cross systems, and these have the 
collaboration of the National Guard and the Ameri¬ 
can Legion. A conference of the Associated En¬ 
gineers of Hawaii on January 16, 1918, was advised 
of the exact facts concerning Hawaiian volcanic 


bleists and lava flows, earthquakes and tidal waves. 
A conference of the Chamber of Commerce, June 
9, 1931, was advised of the Napier, New Zealand 
unpreparedness. Organizations for discipline, com¬ 
munication, rescue, relief, funds, refugees, and re¬ 
building were considered. 

Hilo understands that it is committed to future 
lava flows. The Volcanologist in the 1931 address 
stated: “A vitreous lava, flowing under crust in 
tunnels, but doing damage on lower mountain 
slopes, could be blown up at the source tunnel about 
the 9,000-foot level. This would open the tunnel, 
dam the lava stream with rocks, and force it to flow 
anew out of the blocked tunnel and channel over 
the surface of the upper country by a changed 
course.- If the previous flow took five months to get 
near Hilo, the renewed flow thirty miles up the 
mountain would require as much, and the city 
would be given five months’ respite.” 

The map (Figure 5) shows the relation of the 
1935 flow areas to earlier flows of definite years. 


The expectancy of a north flow was based on the 
succession of south flank outflows from 1868 to 
1926, moving progressively up the mountain along 
the southwestern rift belt. The belt crosses the 
summit. Each flow on cooling seals the rift at its 
orifices. The next flow after 1933 was expected 
across the summit, and it so happened. 

The expectation that 1935 would be the year was 
based on average intervals and past history. The 
expectation of northern earthquakes was based on 
a southward crossing of the summit in 1868 and 
southern earthquakes therewith. If there were a 
northward crossing of the summit now, northern 
earthquakes might be ^cpected to accompany the 
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rupture of the north rift. The likelihood of ad¬ 
vance towards Hilo was based on the precedents 
of 1852, 1855, and 1881. 

Without recounting all the detail of the 1935 
eruption, it may be said that the first rapid Hows, 
between November 21 and November 26, from a 
near-summit source, swept eight miles northward 
and stopped. The loss of gas, heat, and energy of 
emission was very rapid the first day. The clinker 
slag cools from below upward, releases fixed gases 



Figure 5. Map of Howaii islond showing lava flows of 
Mouna Loa with 1935 eruptions in black 


that react exothermally to heat the top surface, and 
the stirring crystallizes the melt so that solidifica¬ 
tion is by crystalline frosting or sprouting. The 
Hawaiian name of this clinker lava is aa (pro¬ 
nounced ah-ah). The sprouts break up into bowl¬ 
ders during viscous flow. 

Beginning November 27, an entirely new flow 
vent appeared. This was 4,000 feet below the sum¬ 
mit and 10 miles northeast from the top of Mauna 
Loa. An ancient tunnel or fissure was opened 
underground to drain the central well. From this 
orifice a new clinker-lava stream poured north to¬ 
ward Mauna Kea, between the 1899 and 1843 flows. 
The near-summit vent of the first outbreak clogged 
itself, and became noisy with gas bursts and viscous 
blobs. Then its lava subsided into the shaft, clouds 
of yellow smoke puffed up, and sulphur was de¬ 
posited on the conelet. This upper vent was at 


about 12,000 feet elevation. The new lower vent 
was at 9,000 feet. 

It was this lower flow that turned towards Hilo 
on December 22. Before that date there was doubt. 
The lava pooled in the saddle. It might have drained 
westward into waste lands, but the 1843 flow blocked 
it and it turned eastward a mile a day into valuable 
pastures, steeply sloping into the well-watered 
drainage of Wailuku River. This is part of the Hilo 
water supply. By December 26 it had flowed five 
miles of the twenty that would put it into Hilo. 

During the month the lava had changed its char¬ 
acter from clinker lava to vitreous, or glassy-skinned 
lava. This the Hawaiians call pahoehoe (pah-hoy- 
hoy). It is exactly the same chemically as clinker 
lava, but is totally different physically. With less 
of stirred “sugaring,” the glass may rise to the top 
of basaltic melt. It forms a gas-tight skin. The 
gas-making slag then pours onward under a heat- 
insulating crust of thickening membranes. This is 
the “ropy lava” of geology. It is silvery, smooth 
and vesicular, and unlike the clinker type, it cools 
and solidifies from the surface downward. The 
skins, ever reforming over bulbous toes which push 
down the hill, confine the heat and create a mech¬ 
anism of tunnels. There is a single tunnel near the 
source, and there are distributary tunnels at the 
fronts. It it this vitreous-coated lava which may 
hold its heat and push forward for 40 miles. It is in 
sensitive equilibrium isothermally to its own evolu¬ 
tion of self-healing gas bubbles, to the chill of the 
air, to the pressure on its pipe walls, and to the 
source pressure, which is both hydrostatic and ef¬ 
fervescent—that is, the lava from inside the moun¬ 
tain is really a glassy foam. 

The point of all this is that if the single source 
tunnel is artificially broken open, a pressure-tem¬ 
perature adjustment of gas-in-slag is destroyed. Not 
only does this let the higher fluid escape and rob 
the lower distributary frontal tunnels, but also it lets 
loose the gas and heat, and solidifies the fluid back 
into the source vent. A lava filled shaft, after a 
month of violent release, is no longer a resistless 
mountain-breaker. The weight of the mountain and 
the cooling have reasserted themselves as dominant. 

Monday morning, December 23, the Volcanolo¬ 
gist, Dr. T. A. Jaggar, consulted Major Hugh C. 
Gilchrist, commanding Kilauea Military Camp. Be¬ 
fore that time bombing would have been dangerous, 
for it might have diverted the flow toward Hilo, 
but now the flow was definitely headed thither. 
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Maj. Gilchrist sent a radio at once to the Chief of 
Staff, Colonel Daniel Van Voorhis. The Command¬ 
ing General, Hawaiian Department, sent a plane 
from Honolulu with three officers of the bombing 
squadron that afternoon to inspect the lava flow 
area. At noon the next day a conference was held 
in Hilo with Colonel Delos C. Emmons, Department 
Air Officer; Lieut. Col. V. L. Peterson, Department 
Engineer; Capt. J. J. Ladd, bombing officer; Lieut. 
J. W. Cox, Third Engineers; Lieut. B. J. Webster; 
Maj. Gilchrist; Mr. Stanley Elmore, President of 
Hilo Chamber of Commerce; Superintendent E. G. 
Wingate of Hawaii National Park; and the Vol¬ 
canologist. 

General Delos C. Emmons, then colonel and Air 
Officer of the Hawaiian Department, said that he 
and Lieut. Col. Virgil L. Peterson, Corps of En¬ 
gineers, examined the lava flow from the air De¬ 
cember 24 and held the conference above recorded 
with the Volcanologist, and with other officials. 
They jointly reported: 

“fl. That lava flow actually threatened the head¬ 
waters of Wailuku River, which provides water to 
Hilo. There also seemed to be a possibility that 
this flow might endanger the city of Hilo with its 
valuable harbor. 

“b. That public opinion demanded that some¬ 
thing be done to divert or stop this lava flow. 

“c. We recommend that twenty 600-pound bombs 
be dropped in an effort to divert the lava flow.” 

Dr. Jaggar stated that there was a strong proba¬ 
bility that properly directed bombs would help the 
situation materially; that there was always the pos¬ 
sibility in the future of a more serious eruption 
which might destroy Hilo unless preventive steps 
were taken, and that it should be found out now 
whether or not aerial bombs would stop or divert a 
lava flow. The Secretary of War, during a recent 
visit, had expressed great interest in the aerial bomb¬ 
ing of a lava flow, and Dr. Jaggar had been assured 
that, if an emergency arose, the Department Com¬ 
mander would assist in protecting life and property 
threatened by lava. 

It was decided, after the Volcanologist had out¬ 
lined the problem, to conduct the operation Decem¬ 
ber -27. The Army Transport Royal T. Frank 
brought twenty 600-pound TNT bombs; and as 
many 300-pound pointer bombs were brought by 
the planes and were charged in Hilo with black 
powder and sand. 

On December 26, the Volcanologist accompanied 
a group of Bombing Squadron officers over the tar¬ 


get in a Douglas amphibian plane in order to point 
out the area to be bombed. They in turn took up 
other officers later in the day, so that all should 
be acquainted with the terrain. The Volcanologist 
recommended that the uppermost channel of the 
actual flow be bombarded at elevation approximate¬ 
ly 8,500 feet on the north flank of Mauna Loa. The 
channel about a mile down the lava stream was indi¬ 
cated as a second target. This was to be demolished 
in the event that the upper target had been success¬ 
fully hit, so that if any liquid still trickled through 
the tunnel, it would encounter a second obstacle. 
Both parts of the channel were crusted over, but 
glimpses of the liquid lava appeared in open parts 
of the tube where the crust had caved in. By de¬ 
molishing the tunnel roof, the operation would block 
the single tube with debris, force the liquid within 
to overflow, cool it and release gas, and thereby rob 
the multiple tube system farther down the mountain 
where the front of the flow was being fed with lava 
through this tunnel. 

Special Orders Number 304, December 26, 1935, 
sent twenty officers and thirty-seven men, including 
sixteen sergeants and corporals, by air from Luke 
Field, Honolulu, to the island of Hawaii, in com¬ 
mand of Lieut.-Col. Asa N. Duncan, Air Corps, 
They represented the 23d and 72d Bombardment 
Squadrons, a Signal Corps operator of Headquart¬ 
ers Detachment, four men from Wheeler Field, in¬ 
cluding photographers of the 11th Photo Section, 
and one each from the 4th and 50th Observation 
Squadrons. 

The departure for Hilo from Honolulu was at 
8:30 a.m., December 26, in ten bombing planes, 
two observation planes, and two amphibians. Upon 
arrival at Hilo, work was begun immediately in lo¬ 
cating the targets with the aid of the Volcanologist. 
The Ordnance Department sent two civilian em¬ 
ployees to supervise fusing and loading of bombs. 

Actual Bombing Operation 

Col. Dimcan’s report shows that, in the operation 
of December 27, the first bombing plane took off at 
8:45 a.m. from Hilo and was followed by four others 
at twenty-minute intervals. Each plane was loaded 
with two 600-pound demolition bombs, armed with 
0.1 second delayed-action fuse, and two 300-pound 
practice bombs for sighting shots. The bombs 
were dropped from an altitude of 12,000 feet, ap¬ 
proximately 3,500 feet above the target. Two pho¬ 
tographic airplanes accompanied the bombers and 
carried cameras for still and moving pictures. The 
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first mission showed that individual bombing pro¬ 
duced good results, so that the salvo method, using 
five planes in formation, was not used. 

Colonel Duncan and staff at Hilo Airport main¬ 
tained short-wave radio communication with the 
airplanes; and telephone communication with Dr. 
Jaggar the Volcanologist, who had established a 
station at Puu Oo Ranch high up on Mauna Kea 
mountainside to observe the bombing. Twenty 
demolition bombs were dropped between 9:30 a.m. 
and 3:00 p.m. 

From the high post of the Volcanologist at the 
ranch house, elevation 6,300 feet, the front of 
the flow was seen to be pushing through the valley 
four miles away in the foreground; Hilo airport 
was discernible with field glasses twenty-three miles 
away to the east; and the lava source targets were 
in full view up the mountain southwest, twelve miles 
in a bee line. The planes were moaning overhead 
all day long, and the bombers climbed high, poised, 
pitched forward, and a gray ball of smoke and dust 
boiled up from the upper lava channel. 

The hits were noted at 9:43 a.m., there was a 
flash, 60 second interval, then a deep boom; at 9:49, 
a flash and a weak smoke column; at 10:15, a high 
column and noise after one minute; at 10:18, a 
soft column and the detonation; at 10:28, a high 
puff, interval, and booming; at 10.32, the same; and 
at 10:59 a double puff, as though two bombs hit to¬ 
gether. All the early shots were at the extreme up¬ 
per tip of the gleaming silvery lava field, narrowing 
to a point at the source. 

After 11:00 a.m. the lower target, the lava channel 
a mile below the source, was evidently the goal. One 
bomb exploded with very deep penetration and 
heavy concussion in the depths of the incandescent 
stream, and great sheets of glowing melt shot hun¬ 
dreds of feet into the air, orange red, glistening, 
and spreading like a fan. When this was seen the 
Volcanologist knew that the single channel of the 
upper tunnel could not stand such punishment with¬ 
out damming itself, freezing, and spilling over. That 
tunnel lay at the bottom of a trench ten feet wide 
and forty feet deep in places; and a 600-pound 
bomb crater might be blasted twenty feet wide and 
five feet deep in hard rock; hitting a trench of the 
size noted, it could hardly fail to wreck it. Hitting 
it in five places directly along the upper mile of its 
course (the 25 per cent of direct hits reported by 
Colonel Duncan) might be counted on to block the 
channels and leave the lower tube system to empty 
itself and collapse. 


Other bombings were observed until 2:37 p.m. 
and notes were made of the soft black powder ex¬ 
plosions, in contrast to the heavy puffs and thunder 
claps of the demolition shells. Meanwhile the front 
of the flow pushed ahead, passing successive tree 
markers which had been photographed. All day 
photographs were taken to show the changing prog¬ 
ress. At 11:15 a.m. the front of the flow piled itself 
thirty feet high, entered woods, and sent up clouds 
of black dust and flames, while explosions of carbon 
gas made noisy detonations in old caverns. That 
night, December 27, the flow was more brilliant 
than ever, for oxygen had been admitted to the tun¬ 
nel system by its collapse. Up at the bombed area, 
ten or twelve glow spots were visible where liquid 
lava was welling up bomb holes. A side branch of 
smooth lava made out from the main flow below 
the saddle. 

The evening of December 28 all motion at the 
front stopped temporarily. This was a totally new 
phenomenon, for the preceding week had shown the 
front making a mile a day; and the front lay on an 
increasingly steep slope, averaging 157 feet to the 
mile for the seven miles of eastward flow from the 
lake of lava in the saddle. 

The bombing thus smashed and dammed the 
source tunnel, released lava there, and beginning at 
the noon hour of the bombing date, the speed of 
frontal motion was: 

12:00 noon December 27.800 feet per hour 

4:00 p. m. December 27.150 feet per hour 

10:30 a. m. December 28. 44 feet per hour 

6:00 p. m. December 28. 0 feet per hour 

The release of liquid lava at the source tunnel 
was confirmed as follows; December 26 the Volca¬ 
nologist flew over and could see no liquid on the 
surface. During the bombing, December 27, the 
pilots could see liquid in short stretches of collapsed 
tunnel roof. Next day air inspection showed a rapid 
glowing stream at the source itself, on the surface 
of the lava field. On December 31 all motion on 
the surface had ceased at the source. 

This last fact was an unexpected development 
and was not the end of the eruption. But it was 
the end of the outflow. The inside eruption was 
manifest by clouds by sulphurous vapor from in¬ 
ternal lava effervescing in the near-summit crater, 
showing that the well beneath was still charged with 
liquid; and this continued until March 1936. An 
earthquake crisis in that month definitely ended the 
eruptive period. 

That the bombing would end the source outflow 
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was theoretically probable. The direct hits were 
sufficient in number to blast open the roofed channel 
and release to the air the vitreous froth called basal¬ 
tic lava. The equilibrium of self-heating was de¬ 
stroyed and the slag, after spilling over for two 
days, stiffened, slowed down, and solidified into the 
source vent. Pilots who flew over on the second 
and third days after the shelling reported that the 
released liquid stream at the source had stopped. 

The remainder of the activity of frontal flowing 
towards Hilo was a spilling of remnant lava from 
the tunnels and streamways. This was partly over 
the sides of the lava fields, partly lengthening of the 
front. There was a notable sudden gushing out of 
clinker lava at the front on December 30 for 1,000 
feet. The final tongues became narrower, and one 
of these slightly passed the Forest Reserve fence 
east of Puu Oo Ranch January 1 at 11:00 a.m. The 
last motion of the tip of this finger, only 100 yards 
wide, was at 2:00 a.m. January 2. The position of 
this final front was in the drainage basin, eight 
miles east of the saddle, and twelve miles short of 
the Kaumana Road in Hilo. The total movement 
forward after the bombing was one mile in six days. 
If the flow rate of the Christmas season had con¬ 
tinued, the front would have been in Hilo on 
January 9. 

The following is quoted from a military report of 
the operation: “After the bombing was completed, 
a reconnaissance was made of the shelled area. It 
was found that five bombs hit the stream itself, three 
in the flowing lava of the first target (source 
stream), and t\N'o directly above the tube of molten 
lava of the second target (one mile downhill). One 
of these caved in the tunnel and the other failed to 
penetrate. Three other craters were within five 
feet of the stream, the explosion throwing debris 
into the red lava. Two others were within twenty 
feet of the target. From the sensing of the pilots, 
seven other bombs fell within fifty feet of the stream. 
Those who witnessed the bombing declare that the 
execution of the mission was superb; that the 
bombs had been placed exactly where they should 
have been; and that this aerial bombing of a lava 
flow made history for science in performing a great 
geological experiment which was a success.’’ From 
a military viewpoint of the bombing. General Em¬ 
mons says: “Very valuable tactical training was 


cost. Excellent cooperation was received from the 
Quartermaster Depot, the Ordnance Depot, and the 
commanding officer, Kilauea Military Camp. ’ 

Hilo Chamber of Commerce furnishes the follow¬ 
ing minimum approximation of values, apart from 
life, good-will and natural assets like the harbor: 


Sewers .S 1,200,000 

Streets . 2,120,000 

Schools and churches. 2,883,804 

Water supply . 1,000,000 

Piers, breakwater, dredging. 7,500,000 

Taxable land . 10,387,824 

Taxable improvements. 12,408,000 

Territorial property . 2,224,395 

Federal property . 350,000 

Personal property, growing crops, 

etc. 11,000,000 

$51,079,323 


Supposing that the flying, transportation, ammu¬ 
nition, and payroll cost $25,000, the operation of 
December 27 appears to have been more than justi¬ 
fied. An experiment pouring liquid clay on a scale 
model of Hawaii showed that this flow would have 
extended itself down Wailuku Canyon so as com¬ 
pletely to fill Hilo breakwater and wipe out the 
second harbor of the Territory. Just such a flow 
in 1859 extended the land at Kiholo. As there will 
be more flows* on the Hilo side, the bombing ex¬ 
periment has furnished a new weapon to civiliza¬ 
tion. 

The Volcano Observatory at Kilauea was founded 
in 1911 by the Whitney Fund of the Massachusetts 
Institute of Technology with the words: “To be 
conducted with a view to protection of human life 
€ind property.” That responsibility was accepted 
by the Hawaiian Volcano Research Association and 
the National Park Service. The 1934 address an¬ 
nounced that “Mauna Loa has definitely mobilized 
and declared war, there is every appeal for an in¬ 
tellectual and practical victory over Nature, and a 
program can be laid down whereby our engineers 
and aviators and bombers will rejoice at the oppor¬ 
tunity to show their prowess.” All honor to the 
Army for an excellent peace-time achievement. 

•Another flow on the Hilo side occurred April 26 

to May 11, 1942. 
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CHAPTER IV 

Tin Can Islanders Live Next to Spouting Lava 


Niuafoou or Tin Can Island is a roughly circular 
wooded island about 20 miles in circumference in 
the middle of the triangle of ocean between Fiji, 
Tonga, and Samoa. It is about 600 feet high. There 
are many craters, including a large main lagoon 
near the center of the island, where there are hot 
springs* The shoreline is worn into lava cliffs. In 
spite of five eruptions in 115 years, Niuafoou has 
nine seaboard villages with a population near a 
thousand, and belongs to the Tongan monarchy un¬ 
der British protectorate. 

The eruption next before 1929 was in 1912, when 
30 craters were in action between the lagoon and 
the strandline near the village Futu, on the west 
side of the island. Pahoehoe lava flowed into the 
sea. Of this we show a photograph taken in 1913. 
The new eruption July 25, 1929, was similar and 
wrecked Futu. It began at 4:00 a.m., overrunning 
a long strip of coast a mile wide. Copra crops, 
houses, horses and pigs were burned and buried. 

Three craters burst open without warning to the 
south of Futu. The populace hurried to Angaha, 
the larger village at the northwest, and took refuge 
on the high ground back of it. Their discomfort 
was increased by rain and wind. 

A trader climbed on horseback to Hala-gutu, the 
high lip of the interior crater lake, and saw that a 
chain of craters was forming along the upper mar¬ 
gin of the low coast land. Each vent belched out 
molten rock and deep red flames. “Among the 
clouds and swirls of smoke and fumes were to be 
seen streams of lava thrusting their way in tortu¬ 
ous twists and turns through the rich vegetation, 
scorching it to brown and black cinder. 

The smoke cleared July 26. At the extremity of 
the flow forty acres of new ground had formed, 
altering the contour of the coast line. Halfway be¬ 
tween there and Futu, goats were marooned on a 


new islet. Sulphurous fumes were bad, but the 
explorer with his two native companions finally 
reached the ruins of Futu by boat. The village 
site was a field of smoking lava, only a third of the 
habitations escaping destruction. Native houses 
were found battered to the ground by the hot wind 
blasts. Numbers of animals, including horses which 
had broken tether, were found alive in the village 
remnant. The stone Roman Catholic church was 
burnt out, and the lava had flowed round a ceme¬ 
tery, leaving the stone cross intact in its center. The 
Wesleyan mission church escaped. No lives were 
lost. 

Niuafoou before this eruption was reported to 
have many earthquake shocks, “almost of daily oc¬ 
currence.” These are attributed by the natives to 
their god Maui, rocking the island by his troubled 
subterranean sleep. It is hard to imagine a better 
place for the study of tilt and volcanic earthquakes, 
and this island is strategically placed for very in¬ 
teresting geophysical and oceanographic observa¬ 
tions. There ought to be a seismograph station 
there with a permanent staff in close touch with the 
Observatory at Apia. 

Tin Can Island belongs to Tonga, and was visited 
by the author as a member of the joint eclipse ex¬ 
peditions of the United States Naval Observatory 
and the New Zealand government from August to 
October 1930. 

It is a splendid example of a crater ring, with 
lake in the crater, crowning a 6,000-foot volcano, 
most of which is below the level of the sea. It stands 
on the northeastern corner of the submerged por¬ 
tion of the Australian continent between Samoa and 
Fiji- It is an inhabited island, a paradise of coco¬ 
nut palms, the soil wholly volcanic, and lies fifteen 
and a half degrees south of the equator. It is al¬ 
most a perfect ring five miles across. The lake in- 
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Figure 6. Map and strueture sections ei Niuofoou or Tin Con Island. 


side the ring is three miles across, of brackish 
water, surrounded by a ridge 600 feet high, with 
cliffs facing the lake and a gentler slope outside. 

Outside of ‘ the ring ridge there is a wider lava 
platform with cliffs facing the ocean. It is on this 


platform most of the people live in nine villages 
traversed by lovely avenues amid coconuts, iron> 
woods, mangoes, and other tropical trees and shrubs, 
and the usual pandanus near the shore. Copra is 
the principal crop. 
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Seven villages are a short distance inland from 
the shore, two are on the ocean, one was destroyed 
by lava in 1853, one by hurricane in 1909, and 
Futu by lava in 1929. Futu is at the west, where the 
eruptions of the 19th century had created a lava 
desert with eruption sources creeping northward. 
There are no lava flows about the crater lake, but 
here in 1814 and 1886 there were steam-blast erup¬ 
tions which piled up sand islemds and peninsulas, 
strewed the island with heavy blankets of dust and 
sand, and broke down the coconut trees with 
plastered mud that destroyed the crops and occa¬ 
sioned much suffering. 

About 1840, 1853, 1867, 1912, and 1929 the 
lava eruptions broke out along cracks trending 
chiefly north and south at the base of the ring ridge 
on the west side of the island and sending short 
flows for from a half mile to a mile into the ocean. 
The 1853 eruption broke up through the center of 
the village Ahau and killed half the inhabitants. In 
1929 the natives of Futu saw the fiery cracking of 
the flank of the hills in the distance, and fled to 
the heights in time to save themselves. But the 
northern half of their cluster of warehouses, 
churches, and habitations was buried under aa 
lava. They removed to a new village near Angaha 
on the north shore. 

A remarkable adaptation of natural history to 
the uses of warm volcanic sand is the malau bird, 
a unique inhabitant of this island. At several places 
around the lake, and especially where the afternoon 
sun heats the explosion-made sand hills of 1886 
this bird dwells amid the ironwoods and other 
growth. It is a small bush hen of the tribe Mega- 
podius, meaning “big footed,” which has another 
representative in the southwest Pacific. It has 
large, yellow legs and claws adapted for digging in 
the sand. Its body is black, its head small and 
scrawny, and its size that of a small Leghorn hen. 
It whistles like a quail. 

The malau hen digs a hole three to five feet deep 
in the sand slope, lays her egg in the bottom, 
scratches her way out filling the hole behind her 
with sand, and Nature does the rest. The sun 
heats the sand to from 85 degrees to 95 degrees F. 
Different hens reoccupy the same holes over and 
over again, even though the natives dig up the eggs 
for food. When a more fortunate egg hatches, the 
young bird digs its way out and is said to fly at 
once. The egg is long and pink, as big as a 
goose egg. 

The people of Niuafoou are Polynesians with a 


civilization much like that of Samoa, and they are 
strictly governed by a high chief, a magistrate, and 
police service, all representing the Queen of Tonga. 
There are usually seven or eight white people at 
Angaha, the principal port, where a rough landing 
may be made with boats. The people are com¬ 
pletely Christianized, members of three denomina¬ 
tions, are constant church attendants and lovers 
of religious music. The population is about 1,100, 
there are several motor cars, and the trails are 
broad and kept in good condition. Every man 
has his plantation, the people are splendid physical 
specimens, they are fond of tennis, cricket, croquet, 
boxing and swimming, and are very hospitable and 
friendly. They are not afraid of sharks, and for¬ 
merly met the mail boat with swimmers who towed 
large soldered tins of mail. Hence the name “Tin 
Can Island.” But finally a shark killed a man and 
canoes were used. 

The geology of Niuafoou indicates that it is the 
peak of a big lava dome under the sea, and thus 
it represents a more advanced stage of the same 
kind of volcano gro^vth as White Island in New 
Zealand, or Falcon Island farther south in the 
Tonga group. The central crater has been engulf¬ 
ing its walls along with explosive eruptions in re¬ 
cent geological ages. The lava plug under the 
crater tends periodically to erupt around its edges, 
or along the “wall-crack”, but the fractured caldera 
rim makes it easier to find a fissure up a crack in 
the outer lava platform than in the crater lake. 
Once in a long period, just as at Kilauea, the lava 
pressure is relieved and the plug lowers, letting in 
water and making a steam-blast eruption through 
the crater lake. The known last interval between 
these steam eruptions for Niuafoou was 72 years, 
whereas for Kilauea it was 134 years. 

The ring ridge is made up of lava layers alter¬ 
nating with ash dipping a little more steeply away 
from the center than the heavy lava layers shown 
at the foot of the cliffs around the crater lake. The 
history, therefore, implies a lava dome below, be¬ 
coming an alternation of lava and explosive erup¬ 
tions in the later stages. 

The eruption of 1929 was typical of all the 
western lava eruptions. The lava is a feldspar 
basalt similar to those of Hawaii except that olivine 
is not conspicuous. The southwestern desert of 
Niuafoou is what Kahuku and the Kau Desert are 
to Hawaii. In 1929 the old NNW-trending rifts 
of 1853 and 1912 at the inner border of the south¬ 
western lava platform of the ring island were sud- 
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denly extended northward with an unheralded 
splitting of the mountain tangentially athwart its 
flank. Fiery slag shot up the crack without warn¬ 
ing except for a few tremors. The frothy outflow 
swept west down to the sea. This happened about 
4:00 a.m. July 25 by Tongan time, almost exactly 
24 hours before a similar lava eruption occurred 
in Halemaumau pit in Hawaii. 

The rifts in Niuafoou propagated themselves 
northward in overlapping gashes. These gashes 
showed such sympathy with the wall-cracks of the 
caldera as to indicate that if the intervening ring 
ridge broke down, the lava source cracks would 
promote the natural concentric enlargement of the 
crater lake basin. The lava floods were pahoehoe 
above and aa near the sea. A dozen of them 
reached the water with “islands” of untouched 
forest in between. The length of the active spout¬ 
ing belt was approximately three miles. About 4,000 
acres of coconut plantations were destroyed and 
traders’ property estimated at $10,000. The erup¬ 
tion lasted only a little more than a day. 

The action was quite like the Kilauea flows of 
1920 and 1923, fountains shooting up 20 to 50 feet, 
making Pele’s hair and glassy needles, and build¬ 
ing, as shown in the photographs, long spatter 
ridges along straight chasms, fields of pahoehoe 
and aa, multitudes of coconut tree moulds, and 
sand heaps along the sea front which were later 
converted into beaches. There was a little steam- 
blast action at the southern end of the rift belt, 
flinging up pieces of coral along with clinker. 
There were flames of burning hydrogen and other 
gases at the vents making secondary glazes of many 
colors. 

The straight wall of vents along the source crack 
was frequently double with heaps of glistening slag 
on both sides of the crack except where a torrent 
had maintained a flow gap. Steam still rose in 
1930 back of Futu and deposited sulphur and sul¬ 
phates. The lava heaps there are 6 to 20 feet high 
above the former surface of the country, the visible 
V-shaped chasm in places is 30 feet deep, and 
collapse has revealed a cross-section of old lava 
and ash beds where the original slope was rent 
asunder when the rift opened. 

The explosive eruption of 1886 was a great event 
in the history of Niuafoou. It ranks the volcano 
in Class II among about 43 of its kind including 
Vesuvius. There was no direct loss of life owing to 
the good fortune, probably due to the trade wind, 
which forced the great cauliflower clouds of debris 


westward over the lake so that only two and a half 
feet of ash fell on the settlements. An earthquake 
gently swayed the island at 7:00 a.m. August 31, 
1886, and shocks continued imtil midnight causing 
great alarm. Then with detonation a “rocket” 
ascended from the lake 3,000 feet, the shaking 
ceased, violent lightning storms developed, striking 
the trees in many places, and big steam-blast vents 
piled up sand hills and shut off lagoons about an 
engulfment notch that was formed in the rim of 
the caldera on the northeast side of the lake. On 
the leeward side the deposits on the ring ridge 
were 20 feet deep. The material was broken frag¬ 
ments of rock, pumice, sand, and fine dust. The 
hills of this next to the lake are 200 to 400 feet 
high. The eruption lasted 18 days. It was ac¬ 
companied by subsidence of border benches of the 
caldera. 

The Tarawera eruption in New 2^aland hap¬ 
pened only two months before, in Jime, 1886, was 
similarly explosive, and on the same line as the 
Tonga islands but far to the south. Here was 
another of the many cases of volcanic sympathy 
hundreds of miles apart where the same rift in the 
earth’s crust is concerned. Falcon Island and sub¬ 
marine eruptions in Tonga were in action in 1927 
and 1928, this activity continued into 1929 and 
so was sympathetic with Niuafoou in that year. 
Similarly Falcon Island had begun eruption in 
October, 1885, preceding Niuafoou in 1886. 

The writer carried a shock-recorder to Niuafoou 
and set it up in a quiet place on concrete, and 
operated it in September and October, 1930. The 
records in 1930, 12 months after the activity of 
1929, were singularly free from earthquakes, none 
was felt by any member of the expedition from 
August 19 to October 22, and earthquakes were 
not reported by the natives. ■ They did, however, 
report underground rumbling in the lava belt Octo¬ 
ber 3, and 8 small shocks during 4 minutes follow¬ 
ing 6:38 p.m. that day were registered on the 
shock-recorder. Felt earthquakes had been more 
numerous during the last half of 1929 and were 
reported as late as January, 1930, but thereafter 
seismic quiet ensued. 

Ihe accompanying map and profiles as simplified 
by Howel Williams, were made by the writer on 
the basis of a recent outline map of the Tongan 
government and serve to show the perfect ring 
shape of the island Niuafoou, Figure 6, which is 
in the triangular space of the South Pacific Ocean 
between Samoa, Fiji, and Vavau. The big lake 
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in Niuafoou is a crater sink fed by rain water and 
made somewhat brackish by hot volcanic gas 
springs, by evaporation, and probably by more or 
less connection with sea water. The lake is 275 
feet deep and stands only 75 feet above sea level, 
so that 200 feet of its waters are below the ocean 
level, and that in a porous basaltic dome greatly 
cracked. As there is no drainage, and salt water 
is heavier than rain water, the bottom of the lake 
might be salt without that fact showing on the 
surface, but probably by the Herzberg rule there 
is a deep lens of fresh ground-water forty times 
75 feet below sea level in the cracks of the 
mountain. 

It will be seen by the profiles that the structure 
of the island, here shown with the slopes and dips 
exaggerated to double their normal inclination, and 
the heights to double the true elevation with ref¬ 
erence to the horizontal scale, is that of a very flat 
lava dome. The island is entirely basaltic and 
the submarine slope seaward is from 4 degrees to 7 
degrees. The cross sections of the inner cliffs aroimd 
the lake show very massive columnar sheets of 
basalt at the bottom of deep sections 600 feet 
thick. The upper ring ridge shows mixed eruption 
with alternations of about 20 feet of ash and agglo¬ 
merate representing one phase, followed by 20 feet 
of thin-bedded lava flows representing another 
phase. These upper beds have dips of from 13 de¬ 
grees to 18 degrees, whereas the lava layers seen 
in the sea cliffs of the border platform dip radially 
away from the center at from 4 degrees to 8 degrees. 

This implies that the lower dome of Niuafoou 
was built up of heavy sheets of liquid basalt, and 
that the development of explosive eruption was a 
later feature recorded chiefly in the upper layers. 
The angle between outer platform and ring ridge 
is accented by the modern flows of lava which 
have come up concentric fractures as shown in the 
profile, but this angle is also produced structurally 
by the presence of the steeper mixed cone of the 
ring ridge resting on an older dome pediment of 
lava, like the present Vesuvian cone. This angle is 
probably a belt of weakness concentric to the 
crater lake, as indicated by the western 1929 frac¬ 
tures shown on the map with lines of white half¬ 
domes along the rift fissures from which the flows 

poured into the sea. 

In the ejecta of the two modem eruptions 
of Niuafoou, those of 1912 and 1929, both of 
which emerged through what appear to be tension 
fractures of northerly trend on the southwest side 


of the island, pieces of coral were thrown up. This 
ejection was during a minor steam-blast phase at 
one locality, all the rest being pure lava flow. The 
coral fragments are mixed with dike rocks and 
lava clinker, at cinder cones containing unusually 
deep circular pits along the line of lava source 
vents, and at the 1929 locality tliree-quarters of a 
mile from the sea. Ash and sand accumulated to 
leew’ard. This ejection of coral fragments recalls 
Vesuvius, which flings up limestone, and the 1323 
explosions along the lava rift near the sea at Kil- 
auea. The coral at Niuafoou indicates that coral 
rock exists under the southwest slope of the island, 
though there is no coral reef around the island at 
the present day. Coral does not occur in the explo¬ 
sive fragments of the 1886 hills, produced by the 
big eruption of that year northeast of the lake. 
There may have been a fringing reef at some inac¬ 
tive stage when the island was smaller. The eleva¬ 
tions of the t^vo vents where the coral fragments 
were found are approximately 150 and 200 feet 
above sea level. 

The cross-section of the island shows an outer 
lava slope all around the ring ridge, the inner 
cliff, three platforms of explosive materials making 
islands and sandy hills at the lake level, and the 
lake bottom. The latter is probably floored with 
down-sunken blocks of the former cone, overlaid 
by explosive fragments and sand. This material 
is shown in heaps in the sections. The outer lava 
slope at the west and south is modern. It will be 
seen that each of the three inner lake shore low¬ 
lands, including the islands as attached to the north¬ 
western one, is backed by a notching outward of 
the ring cliffs. Each of these lowlands stands for 
an explosive eruption, the northwestern one pre¬ 
historic, the southern one probably 1814, and the 
northeastern one 1886. These steam blasts repre¬ 
sented subsidences of the lava column at the end 
of a cycle of upward pressure and outflow. Ground- 
water entered the void, the retreat of the lava into 
the depths being along the w all-crack of the more 
or less circular plug under the lake, steam blast 
shot up and loosened fault blocks, and the sinking 
of these notched the ring of cliffs outward. The 
biggest notch is that back of the 1886 hills. 

The modem lava flows of the last century started 
at the south and extended the process of opening 
fissures northward up the west side of the island. 
The mechanism of breakage of the cone appears to 
be by lava flow outside the ring ridge and engulf- 
ment eruptions of steam inside of it. There are 
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no fresh lava flows on the lake side of the ring 
ridge. There are only minor evidences, as cited 
above, of steam-blast cinder cones on the ocean 
side of the ring ridge. The cycle at Kilauea 
appears to involve shorter pulsations of lava flow 
at 11-year intervals, and a longer cycle of six or 
twelve of these (66 or 132 years). This longer 
cycle may culminate in explosion, which means 
lava subsidence. Something of the same sort exists 
at Niuafoou. 

Summarizing the list of eruptions of Niuafoou 
before 1930 we find known outbreaks in 1814 
(steam blast), 1853 and 1867 (lava flows), 1886*87 
(steam blast), 1912 and 1929 (lava flows). Appar¬ 
ently the 1814 eruption was a steam-blast phenome¬ 
non, and it seems likely that its center was at Vai 
Kona, on the south side of the lake, for there are 
still warm gases there smelling of hydrogen sul¬ 
phide, depositing alum, and bubbling up through 
lagoon waters. Like Kilauea eruptions of 1790 
and 1924, the years 1814 and 1886 may mark the 
opposite ends of one supercycle, in which case the 
next explosive eruption for Niuafoou might be 
expected 72 years after 1886, or about 1958. 

The modem lava flows of 1853 and 1867 were 
at the south, 1812 farther north, and 1929 much 
farther north. Naturally the clustered settlement 
at Angaha is anxious about the next eruption, which 
is likely to extend the concentric fractures around 
the northwest side of the island in the direction of 
the villages. The explosive eruption of 1886 
notched the rim of the big crater outward where 
that rim was highest, and therefore heaviest (more 
than 800 feet above sea level). It followed lava flows 
of the 19th century on exactly the opposite side 
of the island. 

If this mechanism maintains a balance of con¬ 
centric breakage about a cone, it is logical for the 
explosive eruption about 1958 to follow after flank 
outflows on the opposite side of the volcano. The 
highest and heaviest rim of the caldera next to be 
expected to subside in a steam-blast eruption is 
southeast (870 feet high). One flank outflow then 


to be expected between now and 1958 will be at the 
northwest. As the maximum lava gushing of 1929 
was west-northwest, and the trend of a century 
appears to be extension of cracks northward, there 
appeared in 1930 to be every reason to expect a 
lava eruption to invade the lands west of Angaha. 

Sapper cites a doubtful date 1840 for a Niuafoou 
eruption. Supposing this to have been a lava flow, 
there were six volcanic events in the 115 years 
following 1814, with intervals respectively: 

After 1814 explosive eruption: 26, 13, 14, 19 
years. 

After 1886 explosive eruption: 26, 17, ? ? years. 

It thus appears that an extra long interval may 
follow an explosive eruption, and this is true of 
other volcanoes. The average interval otherwise 
for Niuafoou by this table is 16 years. This would 
place the next probable principal lava flow follow¬ 
ing 1929 about the year 1945; there was a small 
eruption southwest in 1936, and another in 1943. 

The next eruption after a 1945 crisis is likely to 
be ejection of steam and ash about 1958, possibly at 
the Ahea ridge, with damage like that of 1886. The 
records are very imperfect and it should be under¬ 
stood that there is a range of from three to five 
years on each side of the year mentioned for the 
expectancy based on statistics. 

These forecasts are merely suggestive experi¬ 
ments in volcanologic reasoning, based on such 
imperfect data as those figures by which the 1924 
explosive eruption of Kilauea was forecast on his¬ 
torical data in 1918, with an error of four years. 
They may rightly be used by those governing 
Niuafoou as stating facts based on past statistics. 

The 1943 eruption was smaller than 1936, one 
main and three subsidiary lava vents all about two 
miles from the south shore of the island, but 
damage was done to vegetation by an inland blow¬ 
ing wind and salt rains. Probably explosion of sea¬ 
water steam where the lava entered the sea was 
added to the sulphur gases of the vents, making 
shore-cone ash. Perhaps these two lava eruptions 
fulfill the expectancy for 1945. 
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CHAPTER V 

New Zealand Volcanoes Tie Up With Tonga 


Tarawera showed that New Zealand is a place of 

really dangerous volcanoes, and many small earth¬ 
quakes and volcanic activities occur from time to 
Le along the Taupo belt between Ngauruhoe voh 
cano in the middle of the North Island and Wh te 
Island, which is a sinister cone with sulphur crater 


the Bay of Plenty. 

There is some reason to 

ack in the bottom of the Pacific Ocean, with inter- 
iptions by very deep water, extends aU the way 
om New Zealand to Hawaii, because there are 
riking sympathies of eruptive dates between Ae 
dcanoes of New Zealand, Tonga, Samoa and Ha- 

*Thus when Mauna Loa broke out in April 1926 
lere had been a local earthquake felt at Christ- 
hurch on March 31, on April 8 a submarine dis- 
rrbance near White Island caused the fish to dis- 
ppear, Ngauruhoe opened a new vent with explo- 
ions and detonations, and earthquakes April 12 
.nd April 18 were notable at White Island and in 

he Fiji and Marshall Islands. 

The Ngauruhoe eruption developed with rum- 
dings heard at Gisborne, with earthquakes and a 
,ig volume of explosion clouds on May 12, and 
luch increase of activity May 15 as to produce loud 
reports, glow and red-hot bowlders rolling down the 
aiountain slopes, and a streak of fire extending down 
the flank. The Mauna Loa eruption m Hawaii had 
begun in the early morning of April 10 so that a 
the first New Zealand activities occurred withm the 

same fortnight. ^ * 1 . 

On May 17 great gusts of light burst “P 
crater of Ngauruhoe with fume column 6,000 feet 


high seen 60 miles away, and from Taupo shots 
(from the crater upward were seen, making jets of 
iblack smoke 2,000 feet high and what looked like 
flame while the concussion rattled windows. 

Mid-May was the maximum, a photographer re¬ 
porting a great roar, prolonged shaking and such a 
tremendous shot that bowlders of ten to twenty 
tons crashed red-hot down the mountain sides, vis- 
ible in daylight five miles away and reported as a 
stream of glowing debris through a hole in the lip 
of the crater. The snow of the neighboring volcano 
Tongariro was buried under the ash of Ngauruhoe 
and a sharp earthquake occurred May 20. By 
May 28 white steam was going straight up and glow 
was still seen, but things were quieter except for 
sharp earthquakes felt in both the New Zealand 

islands. 

Inspection of the crater June 5 showed varicol¬ 
ored fume rising, there was a notch in the north 
lip, the crater was about 600 feet deep, there was 
roaring noise and what was taken to be dark red 
and blue flames appeared far below in glimpses 40 
to 50 feet above a surface of “molten lava.” The 
floor of the former crater was covered with sand 
and split by big cracks. Thereafter there were 
more earthquakes and unusual steaming at Ngauru¬ 
hoe, Tongariro and White Island. 

A suboceanic ridge connecU New Zealand and 
Tonga, and east of this is a narrow, almost linear, 
trough in the ocean bottom more than 4,000 fath¬ 
oms deep in two places. West of the Kermadec 
Islands the submerged region descends gradually 
to depths of over 2,000 fathoms. The Tongan 
Plateau bears the inhabited islands of Tonga on its 
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eastern higher side, composed of submarine tuffs 
and coral limestone. On its wesbvard lower side 
there are small volcanic islets and submarine vol¬ 
canoes. Similarly in New Zealand there are sedi¬ 
mentary rocks in the northeastern part of the 
country forming a raised mountain axis, while in 
a relatively depressed belt, next to the west, lie the 
volcanoes. In the Kermadecs the volcanoes lie 
close to the edge of the ocean trough, but there are 
granite fragments of continental origin in the tuffs. 

The volcanoes from Ruapehu in New Zealand to 
Fanua Lai in Tonga lie in a northeastward-trending 
straight line parallel to the ocean deep east of them. 
Farther north the lines of both plateau and trough 
swing to the northwest toward the discontinuous 
platforms which support the Ellice, Gilbert, and 
Marshall groups of islands. The active volcano line 
also bends, ending with Niuafoou. 

Andesitic lavas and ashes dominate throughout 
the entire chain of old and new volcanoes, only 
the Kermadec Islands and Niuafoou showing ba¬ 
salt in addition. This andesitic composition and 
the linear arrangement make the whole system one 
volcanic group. 

Nev7 Zealand Facts and Theories 

To the east of this group all the Pacific islands 
consist only of basalts and their derivatives charac¬ 
teristic of the Pacific basin proper, while to the 
westward, as the active volcanoes are mainly and¬ 
esitic, the New Zealand-Tonga line is believed to 
be marginal to the Pacific, particularly as many of 
the islands are partly composed of continental plu- 
tonic, and sedimentary rocks. 

“There are at present two competing theories,’* 
wrote Allan Thomson, “as to the origin of andesitic 
magmas. Daly, who believes that a universal layer 
of basaltic composition everywhere imderlies other 
rocks, considers that andesite is best regarded as a 
direct derivative of common basalt by the removal 
through sinking of the heavier constituents in a 
column of slowly cooling liquid basalt. Hobbs, on 
the other hand, considers that andesites are formed 
by the simple melting of shales under upfolding 
arcs of the crust owing to the relief of pressqre 
caused by the arching.” After pointing out some 
objections to both these theories, Thomson con¬ 
cludes: “Probably a combination of Hobb’s theory 
with Daly’s theory of a universal underlying layer 
of basalt comes nearer the truth. Under the up¬ 
rising arcs there is a melting both of shales and 
other continental rocks and of basalt, and an ad¬ 
mixture resulting in an andesitic magma. Within 


the Pacific basin proper, where the basalt layer 
forms the surface of the crust, a remelting forms 
only a basalt magma, from which trachytes and 
alkaline rocks are formed in small amounts by dif¬ 
ferentiation.” 

Forty explosive outbreaks in New Zealand are 
recorded since the beginning of the 19th century, 
the only records of lava flows being those of Ngau- 
ruhoe in 1869 and 1881, both of which are dis¬ 
puted. However, all the larger cones show lava 
flows in section. “Either flows are relatively so 
infrequent that nearly a century can pass without 
one, or there has been latterly a change in the mode 
of eruption by which the lava has become more 
explosive.” This all sounds very much like the 
eruptive history of Lassen volcano and the Aleutian 
and Japanese cones, and as the list of Tongan out¬ 
breaks is admittedly incomplete, it is probable here 
as elsewhere that many of the lava flows are from 
the lowest vents and consequently submarine. 

Ngauruhoe is a steep-sided symmetrical cone ris¬ 
ing 7,515 feet above sea level, in the national park 
near the southern end of the volcanic belt that 
traverses the north island of New Zealand. The 1928 
eruption is the eleventh recorded outbreak since 
1839. The known eruptions have ejected blocks 
of augite hypersthene andesite. A dark colored aa 
flow found at the foot of the mountain is reported 
to have been poured out in 1869. 

On the morning of March 4, 1928, the volcano 
rumbled, and there were two vertical shots from 
the crater with an interval of half an hour between 
them. Blocks of lava were ejected and rolled down 
the side of the mountain, and black clouds of ash 
were blown toward the south. The rumbling and 
belching continued in the afternoon, and two more 
shots occurred in the evening. At 6:00 a.m. March 
5 a big shot was accompanied by earthquakes that 
shook the Whakapapa huts, about six miles away. 
Twice that day the volcano roared, and for the 
rest of the week the mountain was clouded over. 
On March 11 Mr. Grange, the Government Vol¬ 
canologist of New Zealand, at the foot of the moun¬ 
tain could sometimes hear the roar of gas vents. The 
crater was reached March 12 and found to be a 
flat-floored depression surrounded by steep walls, 
and partitioned into east and west divisions, with 
a small shallow crater occupying a part of the rim 
at the north. The main crater is more than 200 
feet deep and about 650 feet in diameter, the inner 
walls exposing beds of scoria and lava flows. There 
were three small vents on the bottom, the central 
one being active, and small steam vents had opened 
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in several places in all llie craters and some sulphur 
was being deposited. 

The active vent was a conelet about 70 feet in 
diameter where red-hot lava could be seen below a 
surface covering of stones that had fallen back dur¬ 
ing the eruptions. It resembled a quiescent black¬ 
smith’s fire. The lava appeared viscous, to judge 
from the sharp edges, smooth faces, and open con¬ 
tractive cracks of the hot, fresh blocks. Blue smoke 
was escaping witli a tremendous roar, and at times 
there were bursts of gas darkened by ash. Some¬ 
times the roar would cease for several seconds. The 
first of the gas jets was inclined west, but after 
twenty minutes the inclination shifted to the south¬ 
west. Red-hot fragments of lava were thrown up 
fifty feet. Once there was a sharp, loud explosion, 
throwing blocks above the rim of the main crater, 
into which they all fell back. In the afternoon 
black cauliflower clouds rose several times from the 
crater, and at night a red glow was reflected from 
the fumes. It appears that on February 21, 1928, 
the lava surface was about eighty feet below the rim 
of the vent, and descriptions of the crater floor by 
observers at other quiescent times indicate that the 

active vent has changed position. 

This year of 1928 produced numerous earth¬ 
quakes in the vicinity of Opotiki in the spring and 
summer on the shore of the Bay of Plenty opposite 
White Island, especially strong February 5, June 20 
and July 11. Other earthquakes were felt in other 
parts of New Zealand and March 7 produced a 
really severe earthquake in the city of New Ply¬ 
mouth coming from the slopes of the great volcano 
Mount Egmont, a snowy cone more than 8,000 
feet high immediately adjacent to the city. Damage 

was greatest on the volcano side. 

Chimneys went down in all parts of the town, the 
shocks lasting about thirty seconds, working up to 
a climax and then dying away and doing much 
damage. Shops suffered severely, goods fell in show 
windows, and in one grocer’s shop everything on 
the eastern wall fell while the other walls were 
not damaged. A plate glass window was cracked 
and there was a landslip that barely missed a passing 
motor truck. 

It is of interest that the South Island produced 
earthquakes before and after the eruption of Ngau- 
ruhoe, although that island is entirely without vol¬ 
canoes. Oaraaru on the southeast coast reported 
severe shocks about the first of February which set 
rocks tumbling down the hillsides and terrified the 
cattle and the inhabitants. Greymouth on the 
northwest coast of the South Island felt slight 


tremors March 25 hitlowcd by a grcal<T slioi k pro. 
grossing uppnreiilly from iiorthwi-st h» smitbcast. 

White Island produced excessive slcani following 
some sort of an eruption during tin* ni;.'bl billowing 
June 2-1-, 1928, as the volume of steam next day 
from tlic sulphur blow-hole was enornmus, rising to 
a height of 2,000 feet in clear frosty air and stretch¬ 
ing away in a long white cloud for a mile. 

A disastrous earthquake in 1929 in the nKmntains 
near Murchison at the north part of the South 
Island of Now Zealand makes the rift lines of great 
importance. The area of greatest fracture for vol¬ 
canic happenings is the seventy-two miles in a gen¬ 
erally north-northeast direction between Lake Ro¬ 
torua and Lake Taupo. The Paeroa rift trends 
northeast through the volcanic district l>etween 
Lake Taupo and White Island, and is an active 
fault which if projected southward two hundred 
miles would pass through the western part of Cook 
Strait in the direction of Murchison. The large 
active faults of both islands have northeasterly 
trend and deep volcanic faults with intrusive mag¬ 
ma may extend under the southern mountains. 

Along this great crack south of Lake Taupo lie 
the tliree big volcanoes in the National Park, Ton- 
gariro, Ngauruhoe and Ruapehu, the last lying 
farthest south. 

The inner crater of Ngauruhoe continually 
changes. The walls of the outer crater are very 
precipitous, and in 1896 there was a hole on the 
southwest side of the level floor of the main crater. 
Earlier there had been an inner crater toward the 
northwest, suggesting that the floor is the top of a 
lava plug and that the gases of explosive eruptions 
chum out their vents around the wall-crack at the 
borders of this plug. In 1929 the southwest hole 
had become enlarged to be the principal center of 
activity. 

In January 1929, the activity was so slight that 
a Mr. White went to the bottom of the innermost 
pit. The old northwest pit had become a rounded 
depression covered with ice. The walls of the south¬ 
west active pit were partly precipitous. In a con¬ 
ical hollow on the northeast side, Grange had seen 
lava in this pit in 1928. Its slopes were now steam¬ 
ing and there were two holes in the bottom, each 
a foot and a half in diameter from which hot air 
was issuing. The remainder of the bottom was 
covered with sandy material washed in among 
bowlders, and there was very little sulphur in the 
crater. The only other solfataric place that was 
steaming was well up on the edge at a rock pro- 
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jection east of the northern lip of the outer crater. 
The crater contained more ice and showed less 
activity than usual, at the time of White’s visit. 

The question of lava flows from Ngauruhoe in 
1869 and 1881 has been disputed. An aa flow now 
at the foot of the mountain is attributed to the 1869 
eruption, and inside the conelet of March 1928, 
wholly within the crater. Geologist Grange saw red- 
hot lava that appeared viscous, with blue smoke 
escaping through it with a tremendous roar, which 
flung up red-hot fragments fifty feet. The presence 
of lava in the center is thus unquestionable. The 
great explosive disaster at Tarawera Volcano in 
1886, in the North Island, about midway between 
the active volcano White Island in the Bay of Plenty 
and the National Park group of volcanoes, has given 
New Zealand the reputation, like Java and Japem, 
of producing chiefly ash explosions. In all three 
of these lands we are learning more and more that 
andesitic and basaltic magma, or underground lava, 
which occasionally comes to the surface, is the prime 
mover of volcanism, but does not flow out so freely 
as in Samoa and Hawaii. 

It seems likely that if we could know of all the 
submarine lava flows which come out through 
cracks in the bottom of the sea, between New Zea¬ 
land and Samoa, we might discover that lava out¬ 
flow is not so rare as has been imagined. Quite like 
the lava flows of western Samoa, lava unquestion¬ 
ably was pouring over the surface of the Island 
Niuafoou in 1912. The description of the 1929 
eruption of Niuafoou leaves no doubt that lava 
flow is characteristic of this island, and Niuafoou 
is not more than 250 miles from Savaii where the 
great lava floods of western Samoa occurred in 
1906-11. 

The recent eruption of Falcon Island has been 
newly reviewed by the investigators who studied it 
for the Bishop Museum to the effect that the great 
volcanic crack in the earth’s crust which has piled 
up the line of Tonga-New Zealand volcanoes, starts 
at Savaii and extends across Cook Strait into the 
South Island of New Zealand. The formations 
along the line are said by Park to be “broken, 
sharply folded, faulted, sheared and up-tilted.” Niu¬ 
afoou lies off the line to the west 150 miles, but it 
is doubtless part of the same system. These ex¬ 
plorers of Falcon Island reached the conclusion 
that many of the atolls or horseshoe-shaped coral 
reefs of the southwest Pacific may have been started 
by corals and other organisms building on a circu¬ 
lar bank built up by a temporary volcano such as 
Falcon and later cut down by the waves. It may 


be added that while such volcanoes exhibit chiefly 
fragmental material, it must be remembered that a 
pile of solid lava in the form of a dome probably 
exists beneath. How an outflow of liquid lava like 
one of the Mauna Loa flows would behave under 
deep, cold water is a matter of theory, not of ob¬ 
servation. 

There was new heaping-up of the volcano Falcon 
Island in the Tonga group, about 30 kilometers 
north of Honga Hapai. The British warship “La- 
bumam” on October 8, 1927, describes the volcano 
erupting every twenty minutes, and forming an 
island 1,730 yards long north-south and 1,430 
yards east-west. The crater was said to be 305 feet 
above sea level. The eruptions each lasted about 
one minute and consisted of “columns of steam and 
lava.” The sides had a gradual slope. 

Falcon is like Bogoslof, in its record of rising 
and being washed away repeatedly. It was a shoal 
in 1867, smoking ten years later, erupting October 
11-13, 1885 along a northeast line two miles long, 
with great ejections of cinder and ash. The island 
formed was 150 to 300 feet high and over two miles 
long. In 1889 it had a cliff 150 feet high, in 1892 
it was only 27 feet high, and in 1894 it was a mile 
and one-half long, twenty to fifty feet high, and very 
hot in places, with a lake in the center four to five 
feet deep. In 1898 and 1900 it was only a shoal, 
and it was reported to have disappeared in 1913. 

Falcon Island in September 1928, the newly 
formed volcano fifty miles to the northwest of Nu¬ 
kualofa in the Tongan islands, continued to give 
off steam with an occasional expulsion of a mass of 
cinders and ash. Its activity had diminished dur¬ 
ing the previous six months. 

A new submarine eruption about 120 miles 
farther to the northwest was indicated by fields of 
floating pumice first observed by the S. S. Carisso, 
October 3, 1928, about 240 miles east of Suva, Fiji. 
During the night patches of pumice, each covering 
several miles, were seen along a course seventy 
miles to the southwest of the first patch. The S. S. 
Veronica sighted a patch a mile wide thirty miles 
farther to the west October 7, over water more than 
1,200 feet deep, and a very large field of pumice 
was found farther to the east many miles in length 
in a north-south direction, and about a half-mile 
wide. 

The pumice first seen was at 17° 25' south lati¬ 
tude, 176° 09' west longitude. If the vent is on the 
bottom of the sea near this place, it is an area in 
deep water of great seismic activity where ten vio¬ 
lent earthquakes occurred between 1913 and 1920 
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and one of the epicenters lies about 75 miles iiortli 
of where the pumice was seen. There arc two prin¬ 
cipal earthquake centers, and it is a remarkable 
fact that all of this seismic and volcanic activity is 
on the line between the active volcano island Niua- 
foou and the Tonga volcanoes further to the south. 
Niuafoou is about 100 miles north of the region in 
question. 

Hoffmeister and Ladd landed on the revived Fal¬ 
con island in May 1928, discovering strong hydro¬ 
gen sulphide fumes, no red glow at night, a round¬ 
ish island with crater close to the shore on the 
southeast or windward side, and the greater part 
of the heap built to leeward, of pumice, cinder, lava 
fragments, bombs and ash to a height of 365 feet. 
The island was about two and a half miles across 
in an east-west direction, clouds of steam and sul¬ 
phur fume rose from the crater, the surface was 
rill-marked and washed into gullies, and steep cliffs 
had already been cut by the sea along the wind¬ 
ward side of the island. This eruptive period of 
Falcon Island began with its most violent eruption 
on record in October 1927, and minor eruptions 
from time to time have added to the heap since. 

The north shoreline consisted of coarse black 
cinders and pumice banked at 70®, and the ground 
was made up of fine ash mixed with sharp frag¬ 
ments of cinder, pumice and lava, with only trench¬ 
like gullies to break the uniform curve of the ridges. 
The profile of the island shown in a photograph ex¬ 
hibits a distinct wave-cut platform at the east. “The 
bottom of the crater is elliptical, covered with a boil¬ 
ing lake, some parts of which boil incessantly, while 
other places bulge upward periodically, when black 
sediment is brought up from below. The water 
varies in color from milky green to yellowish white. 
The lake is surrounded with ash and sulphur flats, 
dotted with steam jets, and the steep walls of the 
crater are vertically fluted, with steam vents rising 
from the depressions which have deposited sulphur 
and other substances coloring the gullies yellow, 
orange or white in contrast with the drab ridges. 

There was a younger crater with steep sides, and 
an outer crescent ridge, with a gulch between the 
two that has drained into the lake to form a low 
delta built out into the lake from its eastern side. 
The crater wall was largely fine ash and scoria but 
there were numerous volcanic bombs and blocks. 
The bombs are spindle shaped, were thrown out in 
a liquid condition, are often exceedingly porous, in 
other cases they show concentric structure. Some 
of the blocks are three feet in diameter, made of 
agglomerate or of either dense or porous lava. The 


vent noises were of a sputtering and whistling, the 
lake waters hod a vile taste, and sulpiiur dioxide 
appears to have been dominant, as the eyes smarted 
and breathing through cloth gave relief. 

Going back to While Island, in tlie Bay of Plenty, 
near the north island of New Zealand, this is an 
active volcano wliich has a sidphurcjus crater nearlv 
at sea level, surrounded by fuming cliffs, and sej)- 
arated by only a bar from the ocean in 1928. On 
the back-slope of the cone, away from the crater, 
dwell the operatives of a sulphur-mining company, 
equipped with a launch, wireless, and a tramway to 
the workings at the crater. In the second decade 
of this century (1914) a former group of sulphur 
workers, who lived on the low land between the 
crater and the beach, were all exterminated by an 
evisceration of the crater which no one surxdved to 
describe. The wreckage suggested an explosive 
eruption and a flood. 

On September 1, 1928, a new eruption of White 
Island occurred. This “was accompanied by a phe¬ 
nomenon in the form of a sulphurous dust cloud,” 
believed similar to the one experienced some days 
earlier by the steamer “Emlynian” in the Nether¬ 
lands East Indies, about thirty miles north of Flores 
and two hundred miles east of Java. It appears that 
this dust cloud in both cases coated the decks of 
ships. In White Island it swept south, across Crater 
Bay, where the company’s launch, the “Wliaakari,” 
was moored, and dusted it without arousing the men 
sleeping on board. It should be pointed out that 
the “Emiynian” was close to the volcano Rokatinda, 
which had a disastrous eruption. 

The men in the camp, which is removed from the 
active area of White Island, were unaware that 
anything unusual had taken place during the night. 
The telegram to the head office of White Island 
Products, Ltd., Auckland from the island, was as 
follows: 

“A minor eruption occurred in the active crater 
area about 1:00 a.m. on Saturday, September 1, 
1928. Series of new vents formed from two to four 
chains from the main blowhole in the direction of 
‘Lot’s Wife.’ 

“The whole of the upper crater area is covered 
eight to twenty-four inches deep with very fine blue- 
gray dust. Stones and bowlders up to two and 
three hundredweight were scattered in a radius of 
about 200 yards around the activity. We have not 
yet been able to make a full inspection, but from 
the edge of the activity it appears that the force has 
subsided, although steam is blowing over an area of 
about half an acre. The chief trouble is that we 
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are completely cut off from the sulphur supplies, as 
the road is impassable.” 

The main interest of the White Island activity lay 
in whether the activity was caused by avalanching 
from the crater walls at the back of the main blow¬ 
hole, believed to have caused the 1914 eruption, or 
whether there was some other cause. The general 
manager of the company stated that slips had not 
caused the recent eruption, and a New Zealand 
geologist thought that “in that case the occurrence 
is certainly a little disconcerting, and the tendency 
to any special activity needs watching.” 

Earthquakes had occurred about the Bay of 
Plenty in January, February, March, June, July 
and August 1928. A sharp earthquake was felt at 
Opotiki shortly before 1:00 a.m. September 12, 
and Rotorua reported several shocks after 1:30 a.m. 
on October 2. They terminated at 3:15 a.m. with 
the heaviest shock experienced here for many years. 
All the Rotorua geysers at Whakarewarewa were 
active in the early morning. At Tauranga, also on 
the Bay of Plenty, a sharp earthquake shock was 
felt at 5:17 a.m. November 6 and was felt at Te 
Puke. All of these jarrings, throughout the year, 
around the bay in which White Island is situated, 
made that volcano an interesting object, especially 
as it had two reported outbreaks, one just at the 
June solstice, the other just before the September 
equinox. 

White Island strongly resembles Bogoslof of the 
Aleutians, and in September of 1914 was the scene 
of a frightful disaster when all the operatives of the 
company mining sulphur were swept away by an 
eruption. All that was seen from the adjacent 
shores of the bay was the ejection of steam clouds, 
but the crater lagoon appears to have been blown 
out after the fashion of a gigantic geyser and to 
have overwhelmed the camp. 

In 1926, after some years of idleness, the sulphur 
camp had been reestablished, not on the sand flat 
separating the open crater from the sea, but on the 
opposite side of the island more than a mile from 
the crater and where on the southwest side of the 
volcano the principal area of vegetation has devel¬ 
oped groves of pohutukawa (metrosideros). The 
crater rim a thousand feet above the camp, which 
is on the windward side of the island, forms a bar¬ 
rier between the workers and the poisonous solfa- 
taras always steaming violently on the crater side. 
The new camp is described as peaceful and delight¬ 
ful, with imported poultry, pigs and sheep, numer¬ 
ous buildings and huts, a fresh water supply from 


a natural spring which is said to contain an excess 
of iodine, abundant firewood, a receiving and trans¬ 
mitting wireless plant and a track communicating 
with the sulphur works at the mouth of the crater 
on the other side of the island. A motor boat and 
three row boats are kept on hand and there is a 
telephone between the camp and the workings. A 
medical ofiBcer is stationed at the plant. There is 
good fishing. A rookery of boobies is close at hand. 

Just over the divide every vestige of life has 
been destroyed by the poisonous fumes of hydro¬ 
chloric acid and sulphur which rise with roaring 
steam jets from a main blow-hole in the center of 
the crater floor and from lesser vents about the talus 
slope. In 1926 the side fumaroles had from time 
to time been blocked by avalanches, this seeming to 
increase the force of the central blow-hole. About 
the end of January the central vent gave out “un¬ 
usual volumes of superheated sulphur, the fumes 
carrying with them dense clouds of red oxide dust. 
On calm days the cloud reached measured heights 
varying from eight to ten thousand feet.” 

Finally on the night of February 3, 1926, a fault 
apparently developed at the base of a 200-foot cliff 
on the western side of the main blow-hole, and some 
hundreds of yards of the cliff collapsed. The pres¬ 
sure of gas and steam blew forth a mass of sulphur¬ 
ous mud covering an area of ten acres three inches 
deep. A new vent broke through the disturbed 
earth fifty feet above the crater floor. For forty- 
eight hours the air Was full of dust-charged steam. 
The main blow-hole was giving off overpowering 
fumes. Between it and the new vent the crater 
saucer was covered with massive volcanic bowlders 
smothered under fresh mud. When visited the 
place showed that a new gas vent had created the 
landslide, with activity very similar to the central 
blow-hole, sending up sulphur fume with a roar 
and, owing to the intense heat, not condensing its 
steam imtil the vapor reached a height of fifty or 
sixty feet. The steam rose to the top of the crater 
walls, where it was caught by the wind and blown 
away in clouds. 

The new vent did not produce the same “nerve- 
wracking noise” as the central blow-hole, but it had 
lessened the force of the latter. “The formation of 
the new vent’s cone continued. Occasionally a 
minor landslide above the vent was blown into the 
air by the tremendous force, and the dust formed 
was scattered broadcast over the crater floor.” It 
is stated that the two blow-boles of the White 
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Island crater constitute tlie greatest thermal activi¬ 
ties of their kind in the world. 

After disasters from some earthquakes and occa¬ 
sional explosions and asphyxiations at White Island 
and in the Rotorua district New Zealand started 
studying critically the volcano geology of the North 
Island. Thanks to the excellent work of Hon. G. M. 
Thomson and his son, the director of the Dominion 
Museum, Dr. L. I. Grange was appointed and 
carried out investigation of the geology of the 
Rotorua-Taupo subdivision completed in 1937 as a 
bulletin (No. 37 new series) of the Geological Sur¬ 
vey, In an appendix the creation of a volcano ob¬ 
servatory is recommended. Meanwhile in 1931 the 
destructive earthquake at Napier occurred, and 
thereafter the Department of Scientific and Indus¬ 
trial Research under Dr. E. Marsden established 
through the Dominion Observatory and other or¬ 
ganizations, including volunteer observers, a system 
more extensive than before of distributed seismo¬ 
graphs in New Zealand. 


White Island has all the characteristics of a dan¬ 
gerous volcano like Bogoslof or like Krakatoa. The 
collapse above described, accompanied by red cauli¬ 
flower clouds thousands of feet high, and the open¬ 
ing of a new wall-crack vent, means engulfment. If 
engulfment continues it may mean the retirement of 
lava lying below, at the end of the pressure cycle. 
If our diagnosis of what happened at Kilauea in 
the spring of 1924 is correct, such retirement of 
deep lava may take several months, and be fol¬ 
lowed by sudden collapse of the crater bottom. This 
we believe accounts for the considerable delay of 
the Krakatoa, Kilauea and Pelee eruptions after the 
first symptoms. Tarawera in New Zealand was a 
clear case of engulfment. Engulfment opens voids 
which fill with water, and steam explosion follows. 
In the event of a true explosive eruption, which can 
throw eight-ton bowlders three miles, a camp like 
that of the sulphur workers on White Island might 
be exposed to the first barrage. Confidence that 
the volcano will not do it is misplaced. 



CHAPTER VI 

Tarawera Disastrously Remodelled a Lake 


In June of 1886 a steam-blast eruption took place 
from the old volcanic mountain Tarawera and the 
geyser basin Rotomahana. This event in the ther¬ 
mal springs district of the North Island of New 
Zealand is worthy of review. The volcano region 
lies 60 miles to the west of Napier, which was 
stricken by earthquake February 3, 1931. 

Tarawera lies in the Taupo volcanic zone trend- 
in N. 38° E, from Ruapehu to White Island. This 
zone is famous for many hot springs, geysers, mud 


volcanoes, and solfataras. Masses of heated magma 
must exist at no great distance below the surface. 
Ruapehu, Ngauruhoe, and Tongariro, in the south¬ 
ern part of the zone, are definitely active volcanoes 
5.500 to 8,900 feet high. Lake Taupo is in a sub¬ 
sided area north of these volcanoes and covers 242 
square miles. About midway between Lake Taupo 
and the Bay of Plenty is Tarawera Lake, northeast 
from Lake Taupo. Tarawera Mountain is next to the 
lake, a flat-topped mass of porous rhyolite lava of 
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light gray color, standing 3,606 feet above sea 
level, and 1,040 feet above the lake. It was not 
known to be an active volcano, but studies of its 
structure show that it is a true cone, with beds dip¬ 
ping oubvards, lava streams on its lower slopes, and 
a plug of what was viscid lava from a former erup¬ 
tion in a NE-SW fissure on its top. There is some¬ 
thing of concentric structure in this lava cap. 

The warm lake Rotomahana lay two miles south¬ 
west of Tarawera, bordered by hot springs and jets 
of steam. The siliceous sinter of the White and 
Pink Terraces was on ground which sloped down to 
the shores of this lake. Water which overflowed 
the terraces boiled as geysers in the basins above. 
Rotomahana with its terraced sculpturing, azure 
warm waters, flocks of dainty terns, and greenery 
amid steam jets was one of the fairylands of the 
globe. 

At the top of the White Terrace was a snow-white 
geyser bowl ninety feet broad full of clear blue water 
boiling up violently in gushes fifteen feet high. 
The basin became dry when south wind blew, but 
filled again when the wind changed. When the basin 
was almost full on these occasions, columns of boil¬ 
ing water twenty feet in diameter were hurled sixty 
feet into the air. 

In November 1885 there were unusual eruptions 
of this geyser sending a column of water up 150 
feet and of steam 1,020 feet, unheard of in the ex¬ 
perience of the resident Maoris. This was the pre¬ 
lude to the great eruption eight months later. The 
acid waters of the crater basin on White Island 
Volcano in the Bay of Plenty disappeared in the 
middle of 1885, leaving the bed dry. In April of 
1886 Ruapehu sent up unusual steam jets. At the 
beginning of June 1886, a creek went dry next to 
Lake Tarawera, then with a rushing sound the lake 
water came running up, overflowing the creek bed, 
and thereafter retiring twice after the fashion of un¬ 
usual flood waves. No earthquake was noticed, but 
some fault block movement in Tarawera Mountain 
may have caused the retirement of the waters. 

The district is thinly populated. Natives on Lake 
Tarawera did not survive to relate what happened. 
The nearest observers were at the Wairoa, eight 
miles west of Tarawera. The previous year had 
been very dry. After a fine evening June 9, 1886, 
earthquakes occurred at 12:30 a.m. June 10 and in¬ 
creased in violence for an hour. The northern part 
of Tarawera Mountain split open and a column of 
black ash-laden steam arose. This spread to other 
parts of the plateau summit of the mountain. At 
2:10 a.m. there was a violent earthquake, followed 


by a loud and prolonged roar. A black cloud as¬ 
cended and spread outwards. Red-hot fragments 
were seen darting from the cloud. Lightning began 
to appear, there was rumbling, a red glow lit the 
scene and as fresh outbursts occurred the clouds 
were lit up with stronger glow. Fireballs fell about 
the summit. 

The fissure split its way southwest through Lake 
Rotomahana soon after 3:00 a.m., for about that 
time earthquakes were especially severe, the heaviest 
one happening at 3:20 a.m. Engulfment on a big 
scale occurred at this time. This continued south¬ 
west from Rotomahana to other craters. By 3:30 
a.m. the whole line was in violent eruption for a 
distance of nine miles from beyond Tarawera on the 
northeast to Lake Okaro on the southwest. Glow 
was seen only at the Tarawera end. 

The clouds spread out, stones and sand began to 
fall at Wairoa about 3:00 a.m., then at Rotorua 
about 4:00 a.m., and a fierce southwest gale at this 
time drove the ash-laden cloud away from Rotorua 
in the direction of the Bay of Plenty. It dropped 
its ash over all the country between Rotorua and the 
sea. The chief violence of the eruption was over 
before 6:00 a.m. At Rotorua darkness lasted until 
after 9:00 a.m. At Wairoa ash fell until 9:00 a.m., 
and about Lake Tarawera many people were killed. 
In the direction to which the ash cloud was blown, 
at Opotiki, 47 miles away, it was pitch dark until 
10:20 a.m., when the fall of dust became lighter, 
and daylight gradually appeared. Detonations were 
heard even as far away as Hokianga (253 miles) 
and Auckland (133 miles). 

Along the line of the great fissure a series of 
steam-blast craters was formed. The greatest was 
the Rotomahana Lake crater, with a hot lake left at 
the south and another at the north. A great chasm 
was left in the southern face of Tarawera Mountain, 
shown in the photograph (Plate 14) with the Roto¬ 
mahana lake refilled, which took time. There were 
lines of pits at the north and at the south. The Pink 
and White Terraces were blown out, with fragments 
left in the debris. Bold Pinnacle ^ocks of rhyolite 
stand near where the White Terrace geyser was. 
The southern portion of Rotomahana Grater is 
bounded by high cliffs of horizontal strata. 

Tarawera chasm in the hillside is a gash a mile 
and a quarter long. The bottom is marked by crater- 
like hollows. The largest hollow has a thousand- 
foot wall at its back. Large trees were blown off 
the moimtain and their stubs w'ere found near Roto¬ 
mahana. 
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j* 4 ,.1 In New Zealand ehowing at the south the northeaat- 
Figure 7. Map ol Tarawera d«tnc^^m^N^ Hotomahana. LocaUon numbers are 

southwest Tarawera nit ch relerred to in the text. 

, „ j * . the 95 to Lake Tarawera, location 103, is a very steep 

Molten augite andesite was beheved » 3 „<j „„ « fi„e day, June 1, I was the last of my 

fissure during the glowing stages approach the boat, which was to convey us 

and was ejected explosively as ^ ,,ke. I found myself cut off from my com- 

dust. There were also bombs one to g panions by a sudden wash or overflow on the foot- 

in diameter, with cracked surfaces. Ih Lfi at the place of embarkation, and escaped a 

black and approaches basalt, with sp. g . • • wetting by getting on to a slight elevation. I was 

vine occurs sparingly. The on y r yo second wave which had swept over 

was fragmental from old country roc . footpath. The boatman and our guide Sophia 

At the south end of ^^^Potive mud seemed disinclined to proceed, urging that such a 

developed in later years the fam phenomenon had not occurred for fifteen years. 

geyser Waimangu, irregular in eruption The sedges alongshore showed how high the wave 

times behaving like a steam-blast vo can e eruption. Ih^ g^^ ^ 

On several occasions it caused oss distance on the south side of the lake, 

T. S. Ralph made an "est " Using on to Rotomahana. The weather was calm, 

JiXrH:tT:r;Xo^Xe. n^lTUUn Ld .h^ere was no agitation of the surface of the 
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lake, and the Maoris at Te Ariki, location 104, 
later destroyed, had noticed the rise of water. 
I consider the direction of the (water gush or 
earthquake?) wave that made the rise to have 
been from the north. 

“At the Pink Terrace, location 105, soft mud 
from one of the geysers had been projected quite 
recently an unusual distance fully twenty or 
twenty*five yards from the crater. Arriving at this 
terminal point of our expedition, I felt uneasy and 
realized a sense of danger. On mentioning the lake 
wave the next morning, June 2, at breakfast in 
Wairoa, location 95, to Mr. Bainbridge, later one 
of the victims of the eruption, he said that at the 
time I had indicated for the occurrence of the wave, 
he was riding towards Wairoa and heard a report 
like the boom of a cannon. I did not gather whence 
it came. Because of numerous events natural and 
superstitious the whole evening was devoted by the 
villagers to discussion of indications (to them) of 
impending danger.” 

Mr. Warbrick was in the country west of Tara- 
wera on June 9, 1886, as follows: “Four of us were 
camped on a shooting trip where there was a good 
view of Mount Tarawera. It was a beautiful night, 
starlit and still. At 12:30 a.m. June 10 trembling 
began and never ceased at all, it grew and grew, the 
ground seemed to be rolling about, and your wits 
rolled with it; you had no thought of fear exactly— 
all of you was taken up with wondering what was 
going to happen.” 

“Little before 2:00 in the morning, the crown of 
the mountain blew right out. The rift opened in it 
along three miles about a thousand feet deep and it 
was on fire, flames burst out of it and shot up, and 
over the flames there hung a great black cloud just 
as if they were holding it up. This cloud was shot 
through by quivers of lightning and red-hot rocks 
that looked like balls of fire. And all the while the 
rolling of the earth and the roar kept on.” 

“Then a great wind caused by the blast from the 
rent sprang up and carried away towards the coast 
the ashes that made the great black cloud. There 
was darkness all that day, reaching even to Gis¬ 
borne, location ESE, 75 miles away, and to Hawke’s 
Bay, location SE, where the great earthquake was 
to occur 45 years later, and the deposit that fell 
on the coast 40 miles off ruined the pastures.” 

“But what came out of Tarawera was not all. 
After 2:00 a.m. of June 10 the whole bed of Lake 
Rotomahana blew right out, and at the same time 
a violent blast rushed from the mountain, and dash¬ 


ed what had been the bottom of the lake, like a rain 
of mud, all over the whole country, burying every¬ 
thing feet deep.” 

“After living through that Thursday as best we 
could—for it was impossible to get away owing to 
the darkness—and going to Rotorua, location 106, 
on Friday, some of us returned on Sunday with 
boats on Tarawera Lake to see what had happened 
to the people of the district. The Green and Blue 
Lakes, location 107, on the way were all chalky- 
white, the beautiful forest at Tikitapu, location 108, 
was snapped to pieces and strewn with mud, the 
clear waters of Lake Tarawera were thick and 
white, and the houses of Wairoa village were in 
ruins, covered with a deposit of slaty-gray mud 
seven feet deep. The forests upon Tarawera moun¬ 
tain were clean gone arid so were the villages Te 
Ariki, location 104, and Moura, location 109, where 
I was born, that used to be on the south and south¬ 
west shores of the lake. People were rescued at Wai¬ 
roa Village, location 95; but of Moura and Te Ariki 
and their folk, nothing ever was seen, nothing 
kno^vn. They lie buried under that 75 feet of mud 
that fell suddenly upon them. Fortunately many 
of their people were away at a tangi on the coast, 
else the death roll of the district would have been 
much longer. As it was, over 140 people lost their 
lives.” 

“Lake Rotomahana was even more altered. There 
had been undulating country, covered with fern 
and scrub, between the mountain and that lake. 
Rotomahana had been only a small piece of water 
with two little islands on it, where there had been 
natives camping at the time, and with the Pink Ter¬ 
races on the west side of it, and the White on the 
northeast. 

“Now there was just one great steaming fissure, 
carrying on with the fissure on the mountain for 
about another six miles; Waimangu Crater, loca¬ 
tion 110, and the later Lake Rotomahana, location 
99, both lie in that fissure. For twelve months after 
the eruption the whole of it was filled with steam. 
Then, one day, I ventured down, and found the 
floor of it mud, with mud-craters here and there 
boiling furiously. For five years after that, I took 
tourists down upon what is now the bed of the lake. 
The ground felt like spent elastic—it seemed to 
give no strength to your tread as you walked; and 
often you had to dodge the rocks that the mud gey¬ 
sers were spurting up. 

“Then, by and by, springs of boiling water began 
to come up, as well as the mud; and rainwater too. 
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began to collect; and so the present lake, which is 
thirty times the size of the old one, came gradually 
to be. The Terraces? I doubt whether they were ever 
blown up; I think they were buried deep in mud, 
and in that case, they are deep under mud and water 
now.*’ It is interesting that this educated guide 
to the district here recognized crateral engulfment. 

Mr. Falloona at Wairoa, location 95, was awak¬ 
ened at 12:45 a.m. by earthquake, got up and went 
out. He saw Wahanga, location 96, burst out with 
a large column of flame about 1:15 a.m.; Ruawahia, 
location 97, followed about 1:45 a.m. He then went 
into the house. McRae at the same place said that 
“Earthqueikes commenced about 12:30 a.m. and 
continued for an hour. Eruption was first seen like 
a small cloud on the mountain, with flashes of light¬ 
ning of great brilliancy.” Blythe also at Wairoa 
said the previous day had been cold with rain but 
the night was fine. At 1:50 a.m. he was awak¬ 
ened by Miss Haszard but could not see either 
mountain or cloud. 

A cloud began to show over the hills at 2:15 
a.m., but there was no great noise, nor were any 
earthquakes noticed. Shaking began just before 
3:00 a.m. with very regular shocks every 10 min¬ 
utes. At 3:20 a.m. the heaviest shock knocked a 
vase off the mantelpiece. There was rumbling be¬ 
fore each shock. At 3:00 a.m. the noise became 
dreadful and ash began to fall then, and pebbles 
fell like hailstones. Roof fell in about 3:40 a.m., 
ash fell in pellets between 3:30 and 5:00 a.m. Mud 
fell until 6:30 a.m., but diminished after 6:00 a.m. 
From 6:30 to 9:00 a.m. what fell was light and dry 
like snow. The ash was pasty, not frozen; there was 
no trouble in walking over it, one did not sink in 
it nor did the boots clog. 

Lundius at Wairoa said he woke at 1:55 a.m. 
and felt earthquakes. At 2:15 a.m. a loud hissing 
noise occurred and a black column of steam rose 
from Tarawera. At 2:30 a.m. a black cloud rose 
in about the direction of Okaro, location 100. Min- 
ctt at Wairoa was aroused by earthquake about 
1:00 a.m. There was violent roaring, lasting four 
or five minutes at a time, then dropping for a 
minute or two, then breaking out again. 

From Ohinemutu, location 111, Allom reported 
that at 2:30 a.m. he saw a fire all along top of 
mountain from Tarawera to Wahanga. Between 
then and 3:00 a.m. a tall black cloud rose to the 
right of Moirangi, location 112, in the direction of 
Kakaramea, location 113. Edwards was turned out 
by a sharp earthquake 1:30 a.m.; saw no signs of 


eruption. Earthquakes followed and he got up a 
second time 1:55 a.m. A little after 2:00 a.m. a 
long severe shock; 2:10 a.m. another, followed 
by loud roar like a big waterfall; he thought a 
large geyser had broken out. He saw thousands of 
fire-balls shooting up and determined with field 
glass that the explosion was from the direction of 
Tarawera. Then Wahanga blew up, columns of 
flame shot up, there came a loud crash, and flames 
went up and down like a geyser. The cloud now 
wrapped itself over the range; then Ruawahia sent 
up a column of flame through the black cloud. 

The noise now was terrific and it was necessary to 
shout as loud as possible to men only two yards 
away. The cloud from Tarawera was spreading 
south and it was very calm. At 3:30 a.m. he went 
to the top of Pukeroa, a hill; all three mountains 
were in full play and at 4:00 a.m. a southwest gale 
began. At 6:00 a.m. the cloud was clear of all 
the hills and a huge black colunm of steam, a quart¬ 
er of a mile broad, was going up from near Okaro, 
a little to the right of Moirangi, location 112. It 
was about five times the height of Tarawera. 

Two observers at Rotorua, location 106, were 
Dansey and Burrows; Dansey reported that the 
earthquakes commenced at 12:30 a.m. very slight 
at first, then increased. A sudden jerk came at 
2:05 a.m. followed by a roar at 2:10 a.m. This 
was the outbreak of Tarawera proper. The rup¬ 
ture traveled towards Wahanga, which broke out 
in about 20 minutes. At first there was a single 
very broad column of steam from the mountain, 
but it afterwards broke up into about seven smaller 
ones all along the top of the mountain. Rotomahana 
broke out about 3:30 a.m. and made much less 
noise than Tarawera. The cloud from Okaro rose 
highest of all and was of yellow color. The black 
cloud came very slowly and took hours to reach 
Rotorua. 

Burrows said that he went to bed about 1:00 a.m., 
was quickly awakened by earthquakes and saw 
flashes of light towards Tarawera. Went out and 
Tikitapu Bush, location 108, appeared to be on fire. 
Heard no explosions at first; then lights began to 
rise and fall over the hill, accompanied by a great 
noise. About 2:00 a.m. a black cloud began to 
rise. Mair at Taheke, location 114, was awakened 
at 1:10 a.m. by a slight shock, followed by others 
in rapid succession, some very severe. At 1:45 
a.m. there was a terrific roar and in the direction 
of Tarawera a great column of fire was shooting 
into the sky, while above it was a mass of black 
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cloud. There was not much tremor at this period. 
McCausland at Rotoiti, location 115, awoke at 1:00 
a. m. and being disturbed by earthquakes, got up 
and went out. At 1:20 he saw a flash of light in 
the direction of Tarawera, this was followed in 
about six minutes by a loud explosion; he could 
not see the mountain. 

Review of Tarawera Eruption 

Summarizing the accented features at Tarawera 
it is notable how completely this was an eruption on 
a crack, its source rupture leaping from peak to peak 
and finally along the Rotomahana basin, the contin¬ 
uous steam-column breaking up into seven units, 
with overhang at the top like the River Blanche up- 
blasts of Martinique. There were molten fragments 
or breadcrust bombs that plastered themselves to¬ 
gether in the summit craters, leaving solid lava in 
layers formed by the running together of the fall¬ 
en molten matter, just as we conceived the heat of 
glowing crusts, that first formed by backfall in 
Pelee Crater in May 1902, to generate fluid paste 
in the crevices. 

A notable feature at Tarawera was that it began 
by strewing ash over the northern country, making 
a sharp contact with the mud-fall that lay over the 
country around Rotomahana. The mud developed 
the digitate rill-pattem that was still in evidence 
when I saw it, thirty-five years after the eruption. 
This rill-pattern was more like the Soufriere sur¬ 
face than like Pelee. Just as in the case of the Sou¬ 
friere (St. Vincent) crater lake (800 feet lowered), 
and the Taal crater lake (lowered 300 feet), the 
lake of Rotomahana was lowered some 500 feet 
and took many months to recover. There was free 
circulation of ground water in the Tarawera erup¬ 
tion, and the explosive steam jets threw out basal¬ 
tic fragments through old cones of much more sili¬ 
ceous composition. 

The eruption was preceded by marginal flood¬ 
ings of the Tarawera lake waters, with no mention 
of earthquake waves as their source, but some det¬ 
onation. The great eruption rift extended itself 
three miles, high winds were developed which threw 
down trees chaotically in the region northwest of 
the vents, and immense quantities of mud over¬ 
whelmed forests and covered the hillsides. Sev¬ 
enty-five feet of mud buried the villages and de¬ 
stroyed 140 people, (compare Guerin sugar mill, 
Pelee). 

A great geyser Waimangu was left on the ex¬ 
treme end of the line of the fissure, with mud 


craters and steam jets and furious boiling, steam 
jets that were later quenched by the development of 
a lake thirty times as large as the old lake. Waiman¬ 
gu geyser was for awhile, 1899 to 1904, the largest 
in the world, sending up enormous columns of black 
mud, but during fifty years it gradually went out 
of action, with irregularity in its intervals, but the 
rift geyser explosions destroyed human life as late 
as 1903 and 1917. It should be called a geyser-vol¬ 
cano. When 500 feet of lake depths in a lacustrine 
country were lost and recovered systematically, why 
should we deny “phreatic” action? 

People at a distance from the Tarawera eruption 
were impressed by the transition from fall of mud 
to a light, dry ash-fall, by hissing and roaring 
noises, by fireballs and flames shooting up and pul¬ 
sating, by development of a noise like a large water¬ 
fall, and finally near Rotorua Lake by such over¬ 
powering loudness at Ohinemutu that men had 
to shout in order to talk to each other. The high¬ 
est steam cloud rose from Okaro at the southwest 
end of the rift, the end remote from where the 
eruption began. This the Rotomahana or aqueous 
end of the rift line made much less noise than the 
disruption of the mountains at the beginning of the 
performance. 

In some respects the eruptions of this period in 
New Zealand were more like Katmai, as an elon¬ 
gate and complicated disruption of mountains and 
lakes, than like any other of the volcanoes here 
considered. The transitions in rupturing, however, 
were different from Katmai, in that Tarawera began 
in the mountains and progressed to the lowlands. 
According to Fenner -Xatmai broke open at the 
valley and extended to engulfments in the moun¬ 
tains. In both cases, and at Soufriere-Pelee also, 
we can feel sure that profound linear rupture un¬ 
der ground water, along the general trend of the 
chain, was what inaugurated the eruptive period, 
and that differential movement of elevation in one 
place, and engulfment in another, made complica¬ 
tions in the result. 

At Katmai the elevation was at the new lava dome 
Novarupta and the collapse at Katmai crater: in the 
Caribbees there may have been pre-eruption ele¬ 
vation at Soufriere, the crater rim collaps€^ and 
lake water went down, but the main depression of 
the eruption was at Pelee with lowering and col¬ 
lapse of its crater rim at the beginning. This was 
probably compensated afterwards by the rise of the 
magma dome. At Tarawera the elevation may well 
have been in the three peaks Ruawahia, Wahanga 
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and Tarawera where doubtless basaltic magma 
swelled up below, whereas at Rotomahana the 
great engulfment of the terraces and enlargement 
of the lake showed depression. 

This contiguity of depression and elevation in a 
volcanic crisis is very common. By measurement 
at Sakurajima the bay shore lowered and the moun¬ 
tain rose. In Hawaii there are many places where 
a dome of construction and elevation is contiguous 
to a pit of depression, and this was seen in action 
1919-20 between Mauna Iki and Kilauea crater. 
In Japan there are well-known places where a 
high volcano dome approximately matches in bulk 
a lake basin beside it. The effect is as though 
the act of lowering magma from one place on 
a rift were compensated by its excessive rising 
elsewhere near at hand. The mechanisms are by 
fault blocks, tumescence or overflow construction, 
or the reverse. 

The following statement from Hutton strikingly 
confirms the contention that groundwater reflects 
intrusive activities. Lake Rotokakahi, the green 
lake of location 107 at elevation 1,294 feet, is 
somewhat higher than Lake Tarawera, elevation 975 
feet, and higher than either Lake Rotorua 915 feet, 
or Lake Rotomahana 1,095 feet. It lies midway 
between these two hot-spring lakes, about six miles 
from either. In April 1881 there was sudden un¬ 
accountable rise of Rotokakahi Lake, and again in 
October 1883 the water rose four feet, causing a 
flood to rush down the Wairoa stream into Lake 
Tarawera. The lake became turbid and muddy. 
The following day the water fell as suddenly as it 
rose. No visible stream supplies Rotokakahi and 
it was the dry season. The conclusion was that sub¬ 
terranean volcanic springs gushed up the lake bot¬ 
tom. 

A semi-volcanic eruption up through the bottom 
of the southern cove of Lake Rotorua occurred about 


7:45 p.m. January 18, 1932. The place was about 
one hundred yards away from the shore off the 
mouth of the Puarenga Stream, the torrent of warm 
water that pours northward into the lake from the 
Whakarewarewa Geysers. The place is directly op¬ 
posite the town of Rotorua. A column of steam, 
water, mud and stones W'as hurled up from an aper¬ 
ture in the solfataric shallows from 200 to 400 feet. 
There was little noise, and a few minutes after it 
occurred the surface of the lake was again smooth. 
The Maoris reported it the largest mud-geyser erup¬ 
tion since the explosion of Waimangu in 1917. 

The area covered by the falling mud and stones 
was several acres. For more than one hundred yards 
along the shores of the lake, and for many yards 
back from the water, the ground was coated with 
thick slimy mud, and the point of land which pro¬ 
jects in the direction of the vent under the lake was 
lengthened by thirty yards. People who happened 
to be on the balcony of the Ward bathhouse had a 
splendid view’ of the outburst. 

This explosion here is not the first. It is in the 
same general locality as two other outbursts a 
few months earlier, when the Ngapuna Pa was 
startled by a sensational disruption of the flats, a 
native garden was engulfed and property was threat¬ 
ened. This area is reputgd dangerous. The ground 
is a mass of brittle and steaming solfataric deposits, 
which crumble underfoot, there are many hot 
springs and occasional patches of quicksand. At 
Whakarewarewa, a mile and a half away to the 
south, are the famous geysers and paint pots visited 
by tourists, in a verdant valley filled with boiling 
springs of varied aspect, and it seems likely that 
there are volcanic faults extending down the Pua¬ 
renga valley to the lake. The whole district is 
highly volcanic, and the hot magma is probably not 
far from the surface. These facts would make dis¬ 
tributed tilt-measuring instruments invaluable. 
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CHAPTER Vn 

Rabaul Harbor Erupts Murder in 1937 


At the northeast end of New Britain (formerly 
New Pommern), the middle larger island of the 
three that constitute the British mandated terri¬ 
tory of New Guinea, the capital town in that trop¬ 
ical land of missions, mines and copra (Lat. 5® 
South, Long. 152° East) is called Rabaul. 

It is on a protected harbor. An east-west arc¬ 
uate belt of active volcanoes encloses the Bismarck 
Archipelago to the north, and the middle of the 
bow, bellied southward, contains the volcano 
“Ritter Island.” This island cone threw up flames 
and lava fountains in March 1700, poured lava 
cascades in June 1793, and made explosive erup¬ 
tion in March 1888 (west of Mt. Nangila on map) 
that caused a tidal wave and ejected more than a 
third of a cubic mile of dust, gravel and rocks. 

Ten years earlier two volcanoes erupted at the 
north end of the Gazelle peninsula where Rabaul 
now is; they were called “Ghaie” or Matupi, and 
“Baluan” or Vulcan. Matupi, 800 feet high, is a 
solfataric hill southeast of and close to Rabaul on 
the northeastern tip of the volcanic arc. The rift 
crosses Blanche Bay (Rabaul harbor) from south¬ 
west to northeast, and Vulcan island on the south¬ 
west side of the bay appeared above the waves in 
the 1878 eruption. (See Fig. 8 among the plates.) 

This eruption included both Vulcan and Matupi 
along a steam-blast rupture; it started February 4 
and lasted four days for Vulcan and three weeks 
for Matupi. It made two tidal waves, and built at 
Vulcan a flat cone 70 feet high and 900 feet across; 
from a new crater on Matupi smoke, flames and 
pumice were ejected, piling dust and pumice on 
the country and blocking the channel. 

Thus Matupi was the more violent in 1878, but 
it appears that Vulcan was the culprit in 1937. 


Vulcan had subsided to half its height by 1897; 
Matupi is a subsidiary crater to “Mount Mother,” 
a mountain back of the town, and is visited for its 
steaming hot spring. 

The Sydney “Mail” gives the following data 
about the town, the Papuan natives, and the erup¬ 
tions: 

“With a northeast wind the fumes from Matupi 
start the natives talking about earthquakes, and 
about the memories of the terrifying eruption of 
sixty years ago; when the Beehive Islands at the 
entrance to the harbor lowered to their present 
height; and Vulcan Island was built up next to the 
southwestern shore of the bay, so that their banana 
plantations were weighted down with heavy ash; 
and fish and turtles were found cooked in the 
steaming waters. 

“About twenty years ago an ‘eruption’ is re¬ 
ported whereby the Matupi Peninsula sank eighteen 
inches, and rose to its former level within a few 
hours. This story might refer to tidal wave effects 
of the ‘Father’ eruption of 1912- 

“The natives of course attribute very feeble earth¬ 
quakes, which are frequent in Rabaul, to ‘debbil- 
debbils,’ and just as the Hawaiian legend of Pele 
migrating from Kauai to Hawaii agrees with geo¬ 
logy* so the shrewd Papuan observations tally 
with science. 

“Folklore has it that the active volcano ‘Father’ 
or ‘Ulawun’ to the southwest, with two other hills 
known as ‘South Son’ and ‘North Son,’ alternates 
in ‘smoking’ with the Rabaul volcanoes known as 
‘Mother’ and her two offspring ‘North Daughter’ 
and ‘South Daughter.’ It is the subsidiary crater 
of Matupi that does the smoking.” 

Geologists know that the “Father” group and the 
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“Mother” group are on the northeast-southwest 
rift line of New Britain, and the alternation of 
activity is probable, just as between Mauna Loa 
and Kilauea. Rabaul is built over volcanic ash 
and it is said to be extremely difficult sometimes 
to get an earth terminal for an electric circuit. 

Vulcan Island after the nineteenth century was 
left about 100 acres in size, some five miles from 
Rabaul, a cone unconnected with the shore. It was 
900 feet in diameter, 30 feet high, and fuming from 
solfataric vents. The mission stations of Walour 
an d Taviji were on the southwest shore of the bay 
close to this island, along the driveway leading 
from Rabaul around the bay. This leads to Ko- 
kopo, a village on the eastern point of New Britain, 
facing the .strait that separates New Britain from 
New Ireland. 

During 1936-1937 earthquakes were unusually 
numerous in Rabaul. Vulcan Island began to show 
signs of volcanic activity Friday morning, May 28, 
1937, when the mission stations experienced severe 
earthquakes, and landslips were observed on the 
island. The earthquakes increased in violence 
during that day and the next. On the afternoon 
of May 29 Vulcan Island broke forth into explo¬ 
sive eruption, throwing up clouds of fume, dust, 
ash, gravel and bowlders so thickly that day was 

turned into night. 

An observer at one of the missions thought that 
the dusk was coming a few hours earlier than 
usual. Then he noticed that Vulcan Island was 
throwing bowlders many hundred feet into the air, 
and pumice was falling everywhere. He described 
seeing a ball of fire running along the top of the 
cone, this being followed by a terrific explosion. 

Then Matupi Volcano broke out in sympathy, 
sending up sulphurous steam, cauliflower clouds, 
ash and pumice, but the main eruption that dark¬ 
ened the entire landscape was from Vulcan Island. 
The water became violently agitated. The succes¬ 
sion of explosive steam blasts came from the side 
of Vulcan Island apparently on a rift line extend- 
ing in the direction of Beehive Islands and Matupi 
Crater to the northeast. A dome-shaped jet of 
water was seen to shoot up about 50 feet, followed 
by another explosion hurling sea water up 100 
feet. Then many explosions occurred at Vulcan 
Island itself, flinging up rocks and debris, the 
cauliflower clouds rising 4,000 to 5,000 feet. 

Some of the longshore roads developed crater 
depressions and all were blocked with gravel and 
ashes. Plantations were damaged for many miles. 


crops of coffee and bananas were ruined and the 
coconut trees had their leaves broken down with 
heavy gray ash. Tlie dense black cloud appeared 
to descend from above on some of the mission 
villages, earthquakes were numerous, thunder¬ 
storms developed, trees were struck by lightning 
and were seen falling in earthquakes, heavy rains 
fell, and motor cars were choked with the dust and 
had to be abandoned in the mud. 

As usual with explosive eruptions great quanti¬ 
ties of floating pumice appeared on the surface of 
Blanche Bay, and some of this was thought to be 
a new bank of sand and mud blocking the outer 
entrance to Rabaul Harbor. The ocean currents 
swept this out to sea within a week, and it was 
found that the outer channel was still navigable. 
Shipping could enter Blanche Bay and reach the 
wharves with safety. 

A survey of the harbor established the perma¬ 
nence of the main channel. Great quantities of 
fragmentary lava increasingly finer and thinner 
with distance from the volcano were deposited on 
the western side of the harbor, destroying Euro¬ 
pean houses and burying native villages. It was 
calculated by the government geologist that Vulcan 
threw out 400 million cubic yards of dust and 
pumice while Tavurvur, the crater of Matupi Bay, 
threw out eight times as much. Five hundred and 
five natives were killed, being buried, crushed, 
asphyxiated or drowned. Two white men were 
killed, a Mr. Elworthy who was climbing Tavurvur 
to take photographs when the eruption of Vulcan 
overwhelmed him, and Mr. Castner of the Golden 
Bear. 

The beach road and telephone line were buried, 
Tavurvur volcano was so changed that lines of 
miniature volcanoes appeared to the northeast and 
southeast of the cone and subsidence occurred 
along the shore in varying amounts. The causeway 
to Matupi Island sank three feet and the Beehive 
Rocks by a similar amount. 

What happened to Vulcan Island itself may well 
have been a rising of stiff magma along with the 
building up of a symmetrical cone and cup, as 
shown in the pictures. We learn from the accounts 
that the island has been raised from 30 feet to a 
large hill more than 700 feet high, and from an 
island 900 feet across to a peninsula three-quarters 
of a mile in diameter connected with the mainland 
by the new accumulations. 

There is no evidence that liquid lava flow oc¬ 
curred. The worst of the eruption was on Sunday, 
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May 30. The eruption died away very rapidly. 
When Vulcan Island was enveloped in smoke, the 
first impression of the onlookers was that it had 
disappeared. 

One observer described a sudden lift of the 
island when the water waves occurred which played 
havoc with many of the smaller vessels, some of 
them being beached high and dry on the fore¬ 
shores. Soundings were taken by a survey ship 
on Saturday, June 5, showing plenty of depth in 
the main channel. The observer in question re¬ 
ported that Vulcan Island rose rapidly at the time 
of the -tidal crisis so that where there had been 
water and a few rocks, solid land appeared. The 
interpretation of the airplane photographs was that 
“flowing pumice” spread down the sides of the 
cone. 

There was the usual reddish glow seen in the re¬ 
flections from the crater on the clouds. This and 
the presence of pumice show that frothing magma 
took part in the groundwater explosions, and it is 
probable that this is just one more example, like 
“Anak Krakatoa,” of a constructive effort of rising 
magma acting through the ages, and reacting with 
groundwater. 

We may conclude that the nature of this erup¬ 
tion was not particularly different from other erup¬ 
tions of this volcanic belt, and to judge from Sap¬ 
per’s report concerning Father Volcano in 1912, 
and Ritter Island in 1793, this belt of volcanoes is 
quite capable of pouring out lava occasionally. 

Von Wolff reports the recorded specimens of 
lava from this bay to be pyroxene andesite, and of 
pumice from New Britain to be andesite pumice. 
The minerals are plagioclase, augite, hypersthene 
and magnetite. Silica varies from 57 per cent to 
62 per cent, and iron oxides from 6 per cent to 8 
per cent. Specific gravity is 2.36 to 2.51. 

The evacuation of Rabaul was ordered, and was 
carried out efficiently with the aid of ships that 
moved the people from Nodup (a village close to 
Rabaul), to Kokopo, twenty miles south. Some 
4,500 people were moved, and* about 20 stayed to 
guard the place. The rain of ashes and mud was 
the principal cause of damage in the town, the 
heavy weight breaking down structures and de¬ 
stroying vegetation. Food supplies were trans¬ 
ported from Nodup to Kokopo by schooners, and 
a large camp was made at Kokopo with sanitation 
directed by the government. The refugees included 
3,000 natives, 800 Chinese, and 700 whites. 

Within a week the harbor was clear, and pro¬ 


gress had been made in cleaning the town. The 
island superintendent of one trading firm suggest¬ 
ed moving his headquarters to Madang, on the 
coast of New Guinea. This company’s wharves at 
Rabaul were valued at $150,000, and could not 
be shifted. Moreover, the harbor is better at Ra¬ 
baul than at Madang. However, the trading firms 
had grave doubts about building and expanding on 
a place between two active volcanoes. 

Two large steamers were in harbor, the “Golden 
Bear” of the Matson Line, and the “Montoro” of 
the Burns Philp Line. These were not injured and 
were instrumental in evacuating the population. 
Two steamers and a schooner were swamped. 

At 1:00 p.m. May 28, the “Montoro” passengers, 
with ship moored to the pier at Rabaul, suddenly 
felt violent earthquakes and saw buildings rocking 
and palm trees falling, so that the roadways were 
blocked with fallen timber. Quakes continued 
throughout the afternoon and at 5:00 p.m. the 
“Montoro” sailed. 

The “Golden Bear” was loading copra at a pier 
in the harbor when the eruption started the next 
afternoon. May 29, and a radio was sent to ask the 
“Montoro,” then 120 miles at sea, to return. The 
land radio station was put out of commission by 
the eruption. “The Montoro” was showered with 
dust 100 miles away and in approaching the harbor 
on return found the ocean surface covered with 
pumice. The columns of steam above the volcano 
rose white and fluffy, with an inky black inner 
column that exhibited rocketing bowlders falling 
back into the crater. With every new jet lightning 
and thunder occurred. The explosion of Matupi 
came at 12:45 a.m. May 30, and large pieces of 
rock were flung up from its crater. 

Captain Olsen of the “Golden Bear” had been 
doing heroic work, taking on board at Nodup hys¬ 
terical women and children, hospital patients, and 
the Chinese population. The “Golden Bear” had 
at first been tied up at the wharf in Rabaul right 
in the path of the dust from Vulcan Island, and the 
falling pumice, heat and gases were such that the 
danger was great, while the tidal waves chafed the 
lines, and grounded the ship. The water was cov¬ 
ered with pumice and the outward channel looked 
as though new sand-bars had risen. 

There might not be any channel and the course 
out involved passing close to the spouting volcano. 
The captain of the Matson freighter did not hesi¬ 
tate, but let go his moorings, ordered his crew be¬ 
low decks, cleared the channd and reached the 
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open sea in a magnificent performance of seaman¬ 
ship. Then he turned about and anchored off 
Nodup. 

The natives were loaded ten deep on the decks 
of both ships along with their dogs, cats and par¬ 
rots. There was no panic. The launches pulled 
three boats at a time. The mission at Kokopo did 
splendid work in housing and feeding refugees. 
The “Montoro’* left on June 9, Captain Mitchie of 
that ship clearing for Sydney with some 200 re¬ 
fugees. 

Rabaul was covered in places with dust four feet 
deep, and boats had been washed up into the 
streets. The tropical trees and shrubs were all 
broken and not a green or living thing was in sight. 
The water, light, and telephone systems were 
broken down, hardly a roof was intact, the roads 
were a mass of ruts, and the health commissioner 
could not allow any one to live there until the 
place was cleaned up. 

Captain Olsen said that the ship was tied up at 
a dock near Rabaul at the time. Before the doors 
or portholes could be closed a foot of pumice dust 
had settled in evei'y nook and cranny of the ship, 
destroying clothes and other property. Most of 
the crew were ashore at the time of the terrific out¬ 
burst of Vulcan Island. All returned to the ship, 
however, except Radio Operator V. C. Castner, 
who in the darkness may have fallen into the sea 
from the wharf, when attempting to grope his way 
back through the blinding, choking gaseous smoke 

which enveloped the town. 

“About 4:10 p.m. May 29, I was outside on the 

starboard side of the lower bridge deck. Looking 
toward Vulcan Island. I saw a small white speck 
on the water near the island which swelled and 
rolled over, with the appearance of a large, fluffy 
cotton ball. 

“It was only when the ball began to ascend into 
the air that I realized it was a volcanic eruption. 
After three or four minutes the island suddenly 
burst wide open, and with a tremendous roar sent 
a column of white steam and black lava smoke 

thousands of feet into the air. 

“The mixture of gas and lava enveloped Vulcan 
Island and drifted in a northwesterly direction over 
the mainland, but after the first outburst the wind 
suddenly switched and sent the cloud of black 
smoke and debris in the direction of the Golden 
Bear.’ 

“The ship was enveloped in a cloud of gaseous 
ashes. All visibility was completely obscured. We 


left the ship under conditions difficult to describe. 
We crawled along on the wharf on our hands and 
knees. We felt our way along the car-tracks. We 
nearly suffocated. Fortunately, the wharf office 
door was unlocked and we all took shelter there 
against the heavy downpour of ashes.” 

A check of the men revealed Mr. Castner miss¬ 
ing. In the late afternoon the Captain and the 
crew returned to the “Golden Bear” and succeeded 
in keeping her from being materially damaged by 
a series of minor tidal waves. 

After reaching the Kokopo anchorage May 30, 
Captain Olsen had a view, looking northwest, of 
the two volcanoes in action. Two great columns 
of white and black smoke ascended for thousands 
of feet. Spreading out and coming together at the 
top, they formed a gigantic archway over the en¬ 
trance to the harbor. 

Vulcan Island, the largest and heaviest of the 
two eruptions, was a magnificent sight during the 
night. Great masses of fire would be thrown into 
the air for distances of 4,000 feet, measured by 
sextant. The barrage would curve over and out¬ 
wards and, exploding, fall back to the earth in a 
rain of fire. 

J. W. Faulkner took the place of the lost radio 
operator on the **GoIden Bear in Rabaul. His 
ship, the “Durour,” was on a marine railway close 
to Vulcan Island when the outbreak occurred. He 
and his companion barely succeeded in escaping to 
Rabaul in a motor boat. His ship, with the natives 
on board, was completely engulfed and sank out of 
sight. Faulkner described the rising of a reef some 
10 feet above water near Vulcan Island. This hap¬ 
pened during the earthquakes that occurred in the 

24 hours before the eruption. 

Conditions at first in Rabaul were terrible dur¬ 
ing the eruption. While refugees were being trans¬ 
ferred to outside plantations, it was necessary to 
erect temporary dormitories for the sick and in¬ 
jured. Rescue parties went from house to house 
searching for any who might be trapped. 

In Kokopo there was an acute shortage of food 
and water, bad sanitary conditions prevailed and 
anxiety was expressed over the possibility of dys¬ 
entery and typhoid. The mosquitoes were bad 
and the people were destitute. The swimming 
pools were thrown open to the women and chil¬ 
dren, many of whom maintained a stoic calm 
throughout the ordeal. The casualty cases were 
attended by one doctor and numerous nurses. 

The amdl loss of life in a harbor populated by 
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5,000, with an active pair of volcanoes athwart 
is a splendid tribute to the efficiency of the sailors, 
traders, missionaries and local authorities in facing 
a sudden crisis and moving 4,500 people. They 
were assisted by ships, airplanes and radio. It 
seems likely that a volcanologic observatory and a 


system of earthquake stations might learn the 
cycles of recurrence, and greatly assist the New 
Guinea government. In 1939 a geologist, N. H, 
Fisher, had been appointed and published a full 
report, after assistance by C. E. Stehn of the Dutch 
East Indies Volcanologic organization. 



CHAPTER V] 


Krakatoa Revives: Was Tomboro Bigger? 


Krakatoa, an island in the Sunda Strait between 
Java and Sumatra, is the collective name (also 
written Krakatau) of four islands that on May 29, 
1883, began sending up steamblasts clouded with 
ash of olivine basalt, andesites and obsidian partly 
swollen into pumice. The three main craters were 
on one of the islands in a line of fissure extended 
into a submarine crater in the midst of the island 
group. The cauliflower cloud was eleven kilo¬ 
meters high. In June there were ash eruptions, on 
August 11 the thickness of fallen ash was only one- 
half meter but at 10:02 a.m. August 27 one of the 
most gigantic eruptions of history occurred, col¬ 
lapsing one island and extending into submarine 
vents. 

There was an enormous quantity of pumice, new 
bluffs were formed by landslides, the explosion was 
heard in Australia, the steam column was estimated 
seventy kilometers high, ash fell over 827,000 
square kilometers and the succession of subsidences 
caused tidal waves that destroyed 36,000 lives on 
the adjacent coasts. The air and water waves 
affected instruments around the globe and the dust 
in the upper atmosphere affected solar radiation 
to the earth and made red sunsets in Europe. 


The following is a summary of the history of 
what is now a group of three Krakatoa islands 
at the corners of a triangle, with a new eruption in 
progress after 1928 building a new islet in the sea 
between them. 

I. Formation of a hypothetical ancient single 
volcano about 2,000 meters high of which the last 
lava streams and ejecta were hypersthene andesite 
with tridymite, and a microlitic devitrified glass. 
The period involved the destruction of this vol¬ 
cano, leaving four remnant islands, with a sea 
basin in the center. 

II. Formation of an eccentric basaltic volcano 
covering the southern Rakata remnant, 800 meters 
high. 

III. Submarine activity of two andesitic vol¬ 
canoes, Danan and Perboewatan. Formation 
northward of an island, Krakatau proper, which 
joins up with the basaltic volcanic cone of Rakata. 
The same magma penetrates into the Rakata cone 
through a dike fissure. Fresh activity in May, 
1680. 

IV. May 29, 1883, commencement of a new 
eruption which continued with short pauses, and 
became the gigantic famous eruption. 
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August 26-28, 1883, the greatest activity. Con¬ 
siderable increase in size of Rakata, Verlaten Ei- 
land, and Lang Eiland from ejecta of andesitic 
magma, obsidian, pumice, and older rocks. Term¬ 
inating with destruction of the volcanoes Perboe- 
watan and Danan and half the basaltic cone of 
Rakata Peak. Formation of a basin 279 meters 
deep between the three islands left. 

V. Severe abrasion by ocean waves especially 
on the west coasts, and extension of the low north¬ 
ern portion of Verlaten Eiland by the building of 
a spit 

VI. Submarine activity beginning June, 1927, 
and becoming an eruption December 29, 1927. 
Submarine cone of basaltic bombs, ashes, and old 
material appeared above the surface of the sea Jan¬ 
uary 25, 1928, and later washed away. Submarine 
lava streams. The submarine crater rim appeared 
again January 28, 1929, forming a new basaltic 

island “Anak Krakatau.” 

From May to August, 1883, smaller eruptions 

left their products close to the active craters and 
threw out much pumice. The paroxysm came on 
August 26 and on August 27 Perboewalan subsided 
and a severe explosion followed, directing its dis¬ 
charge eastward. In no cases were collapses pre¬ 
ceded by explosions. 

Fresh subsidences took place associated with 
tidal waves which formed bluffs. About six hours 
after the first subsidence August 27 came the gi¬ 
gantic collapse, followed by explosions. 

More subsidences and fractures occurred involv¬ 
ing the basaltic Rakata Peak, and a second explo¬ 
sion that followed within an hour of the big one 
was believed to destroy Danan Volcano as shown 
by the sequence of the present strata. This dis¬ 
rupted the remainder of the big island and part 
of the sea bed, left a submarine ridge between the 
two explosion centers and deposited some shells 
and coral in the strata. More fractures followed 
and another engulfment of the northeastern part of 
Rakata and the south part of Lang Eiland, causing 

the last tidal wave. 

Verbeek in 1885 prophesied “In any renewed 
activity of the volcano, islands will arise in e 
middle of the sea basin, just as formerly the craters 
Danan and Perboewatan formed in the sea within 
the old crater wall.” This is just what is going 
on now. 

In the light of what was observed showing en¬ 
gulfment the dominant process at Kilauea in 1924, 
Dr. Stehn’s conclusion that collapse was the dom¬ 


inant process at Krakatoa in 1883 is of funda¬ 
mental interest in volcanology. It agrees also with 
Howel Williams’ final study of the Crater Lake 
sink in Oregon. 

Just after the December 1927 solstice, Krakatoa 
broke into gross activity. Dr. Stehn led an expedi¬ 
tion to Krakatoa and reported the active crater to 
be under water, ejecting columns of water, steam, 
lava, and ashes 250 to 650 feet high. The activity 
had greatly increased within the preceding 24 
hours. A press dispatch of January 26 stated that 
an eruptive outburst occurred that afternoon, that 
the volcano was almost submerged in the sea, and 
that its activity had been increasing during the 
preceding few weeks. A message of January 28 
stated that the eruption had been violent in recent 
days, but was apparently dying out, with sub¬ 
marine rumblings still persisting, and only the ex¬ 
halation of fumes and gas for the preceding 12 

hours. 

Details reported in the Paris Times of January 
24 are that the refugees from the southwestern 
coast of Java were coming into Batavia, that the 
government had sent a naval vessel for rescue and 
investigation, and that an enormous column of 
steam and fire was rising 200 to 300 yards above 
the top of the crater. Terrifying rumblings were 
heard under Sunda Strait on all sides of the Kraka¬ 
toa island-ring. Natives were said to be standing 
in terrified awe, assembled in groups along the 
coast of Java and Sumatra, panic had caused the 
inhabitants of Coneet Bantam in southern Sumatra 
to flee into the high regions inland, the men ven¬ 
turing back to the coast only during daylight, and 
local insurance companies had increased their rates 
for volcanic insurance. 

On January 25 it was reported that the govern¬ 
ment was broadcasting warnings to the population 
and that the main crater had been building itself 
up to the surface of the sea; “For the past five 
days 300 eruptions a day have taken place between 
8 o’clock in the morning and noon. A tenth of 
these are more than 300 meters high. The highest 
column of burning ashes on January 21 reached 

1,200 meters into the air.” 

The crater rim of Krakatoa in 1883 protruded 
above the water as the islands Verlaten, Lang 
and Krakatau. The latter was southeast and the 
largest, five miles long, consisting of three cones, 
the basaltic Rakata the largest, 2,623 feet high, the 
other two smaller and andesitic named Danan and 
Perboewatan. These two last volcanoes occupied 
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the extension of Krakatoa island from the region 
of the ancient andesitic crater rim, on which Ra- 
kata was built, northwestward to the site of the 
ancient crater center. These two cones were en¬ 
gulfed completely, leaving water 900 feet deep, and 
Rakata was left with a sector of its cone gone, and 
a great bluff reaching to sea level like the north¬ 
east side of Molokai in Hawaii. 

Krakatoa since then has been quiet. The new 
submarine eruption in the center of the triangle 
made by the three remaining islands began Decem¬ 
ber 29, 1927. Fishermen reported columns of 
smoke rising from the sea sixty feet or more, with 
bombs that glowed at night. Gas bubbles had 
been seen here earlier in 1927. 

Early in January 1928, feeble eruptions every 
half-minute or minute culminated in a repose 
interval of 5 to 8 minutes every quarter hour, and 
this was followed each time by unusually heavy 
explosions. The water would rise in a dome. Out 
of this a black mass of ashes and bombs, clinging 
together, emerged in tree-like forms. The sea 
in contact with the incandescence boiled, surround¬ 
ing the ash column with a wreath of steam. When 
the ash reached its greatest height, the black color 
disappeared in rocket trails of white steam and 
gases. A few bombs floated for awhile buoyed by 
gas. A white central steam column remained, en¬ 
circled by the wreath at its base. The relapse of 
the water dome made a wave, and the ring of fall¬ 
ing matter made other waves, felt at some distance 
as a swell. Sometimes the eruptive material was 
ejected obliquely in several directions. There ap¬ 
peared to be six crater orifices below sea level. 
The photographs taken are very striking, showing 
the central column like a lily, and the basal wreath 
like a flower pot. 

The sea water was made turbid by the ash. 
Water temperature was 103° F. 1,6(K) feet away, 
the normal water being 84° F. The glow of the 
ejected bombs could be seen at night. The width 
of the eruption center on the water was 2,000 feet 
in a WNW-ESE direction. The sea had been about 
600 feet deep where the eruption occurred. 

A temporary observatory, with seismograph and 
radio sending apparatus, was set up on Lang 
Island. Others on military motor trucks were 
maintained on the mainland of Java to receive 
warnings for the populace. There were tremblings 
and rumblings. The first eruptions were only 200 
feet high. After January 13 glowing masses were 
thrown up occasionally 4,000 feet. Regular ob¬ 


servations were inaugurated night and day. After 
January 26 the activity dwindled. On that date 
the new crater rim appeared above sea level and 
reached in a few days a height of 10 feet and a 
length of 570 feet, consisting of loosely piled 
cinder. The waves quickly washed this away. On 
February 4 only three eruptions occurred and 11 
rumblings were heard. The next day one eruption 
and two rumbles. Nothing but seismographic 
shakes and gas bubbles with sulphuretted hydrogen 
occurred after that date in February. 

In March a thorough survey was made. A depth 
of 113 feet of water was sounded at the new crater. 
The bottom temperature was 97° F. There is a 
cone on the bottom at the wall-crack region of the 
submarine engulfment pit of 1883, steepest toward 
the deeper pit-center. There was a small eruptive 
revival the end of March, and another the last 
half of April. Some sulphurous gas bubblings in 
the sea several miles apart were found in Sunda 
Strait spread over 500 square yards, off Tjarita, 
and have been noticed by fishermen for some years. 

It is of interest to note in advance that Krakatoa 
was still showing recurrent volcanic activity 
throughout 1928 and later at its submarine vent 
in between the three islands, as seen from the ob¬ 
servation post and seismograph station which was 
established in January to keep track of the erup¬ 
tions. August 25, 1928 there were 19 explosions, 
three upwellings and ten tremors. August 27 
tremors were recorded. August 28 there were 21 
explosions and tremors were increasing day by 
day. August 31 produced 15 explosions, seven up- 

wellings and 12 tremors. 

The first phase had been in December-January, 
the second in February-March. The third phase 
was characterized by a series of little eruptions 
lasting until May 15, 1928. From 6:00 a.m. May 
15 till 8:00 a.m. May 15 a total of 7,164 jets oc¬ 
curred, and 14 of these reached a height of 100-400 
meters. Dr. Stehn reports that on May 1 after 
7:00 p.m. strong glare was seen above the crater 
in the ocean accompanied by steam, which he at¬ 
tributed to the flowing of lava over the rim of the 
submarine crater. Flames were also seen above 
the vent of orange-yellow color, making the surface 
of the sea look as if it were ablaze. The flames 
rose about 10 meters and were suspected as being 
due to hydrogen. 

The fourth phase of activity lasted from May 18 
to May 27. An ash eruption rose 500 meters. Each 
period of activity was preceded by volcanic tremors 
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registered on the island seismograph. The direc¬ 
tions of motion of the seismic components sug¬ 
gested an inclined vent underground and some slow 
displacement of the position of maximum action. 

June 1 and 2, 1928, there were slight eruptions. 
The submerged crater rim lay from 5 to 10 meters 
below sea level. The fifth phase of activity began 
July 6 and ended July 13, with small eruptions 
reaching a maximum height of 250 meters. Sound¬ 
ings indicated a lowering of the submerged cone. 
Explosions and tremors were renewed at the end 
of August and early in September. In October 
Krakatoa was quiet except for bubblings of gas 
and tremors recorded by the seismograph. Many 
audible explosion noises were heard in November, 
and seismic activity was renewed. The noises are 
described as peab, reports, and rumblings. The 
shaking was strong enough to cause noteworthy 
avalanches from the summit of Rakata Peak. Small 
eruptions occurred in December, one on the 20th 
throwing up ashes and bombs 80 meters with glow 
and rumblings. 

Except for tremors, Krakatoa was quiet at the 
beginning of January, 1929. The seventh phase 
of activity began on January 12 with steaming 
above the eruption point and bombs of old pumice 
materieil floating about as long as they remained 
hot and charged with gas. Activity slightly in¬ 
creased, reaching a maximum January 20-21, when 
8,817 separate jets were counted within 24 hours, 
the maximum height being 1,100 meters. On that 
day the crater rim was built up above the sea as a 
loose pile of bombs and blocks. Only a strong 
surf marked the spot the next day. Then the 
activity decreased somewhat, but after January 25 
the eruptions increased and created a new island 
called ‘*Anak Krakatau,” meaning **child of Kra¬ 
katoa.” Enormous masses of solid material were 
thrown out from two or three crater openings, 
eruption columns reached 1,200 meters in height 
with a width of 500 meters, and the photographs 
presented show a crescent-shaped island with mag¬ 
nificent explosive jets of dark material radiating 
upward surrounded by a wreath of white steam at 
sea level. 

The greatest number of separate jets was counted 
February 3-4, 1929, amounting to 11,791 spurts 
within a period of 24 hours. On February 9 the 
new island was 21 meters high, and on February 18, 
38 meters. Electric discharges were sometimes 
observed in the eruption columns. The building 
up of the island wall around the crater cut off the 


view of minor eruptions from the station on Lang 
Island, as did the dust cloud when the wind was 
unfavorable. Pauses in activity increased from 
February 4 to February 18, when the seventh phase 
of explosion ended. The island was examined from 
an airplane, the horns of the crescent pointed 
WSW, and the length was about 250 meters. 

Since 1929 the bulletin of the Java volcanologic 
survey has reported repeatedly on the growth of 
Anak Krakatau which has become a considerable 
peak with an internal crater. It appears to be an 
accumulating mass of lava which punctuates a 
steady growth with sea water explosion, developing 
as a horseshoe with its highest peak at the toe, in 
the middle of the crescent. Its map in plan was 
first a crescent island with the eruptions through 
its bay, but this continued converts the bay into a 
crater, surrounded by a ring ridge. It is the initial 
stage of an island like Niuafoou in Tonga, here 
described in Chapter 4. 

Sumbawa's Disaster was bigger than Elrakofoa 

Tomboro, a volcano peninsula on the north side 
of Sumbawa, the third island east of Java, had a 
disaster from steamblast explosion even greater 
than that of Krakatoa. 

It started on April 5, 1815. The great eruption 
was preceded, from 1814 on, by a period of small 
explosions with ash ejection. Before this time the 
volcano was considered extinct. The main explo¬ 
sions came at intervals of a quarter of an hour, 
reached maximum April 10, 1815 and continued 
with declining intensity to July 15, 1815. 

According to Verbeek the ejected material 
reached a volume of 36 cubic miles (it was reck¬ 
oned as 93 cubic miles by Junghuhn) and among 
the ejecta were many blocks and scoria thrown out 
in a glowing condition. These volume estimates 
are excessive. The volcano had been 13,000 feet 
high, was after the eruption 9,000 high. A large 
caldera was left 15 miles in circumference, 425 feet 
deep, and about 4.3 miles in diameter. Old ma¬ 
terials were thrown out, as well as new lava in a 
solid condition. 

Lyell states that in April of 1815 Tomboro was 
throwing out ashes which fell on the decks of ves¬ 
sels. The sound was heard in Sumatra 970 nau¬ 
tical miles away; and in Temate to the east, dis¬ 
tance 720 miles. Twenty-six people escaped from 
a population of 12,000. Whirlwinds tore up men, 
horses, cattle and trees into the air, and covered 
the sea with floating timber. Several streams of 
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lava reached the sea. At Bima 40 miles to the 
east the ash-fall broke do>vn houses, and made 
them uninhabitable. The ash fell 300 miles to¬ 
wards Java, 217 miles towards Celebes and dark¬ 
ened the air. Floating pumice west of Java formed 
a mass two feet thick and miles in extent, difficult 
for ships to force their way through. 

There was black darkness in Java. Ash fell as 
impalpable powder, a compressed pint of it weigh¬ 
ing twelve and three quarters ounces. Some of the 
finest particles reached Amboina and Banda, the 
latter 800 miles to the east, although SE monsoon 
was blowing. They were carried in a counter- 
current of the upper air. 

In Sumbawa, the island containing this volcano, 
the sea rose suddenly two to twelve feet and sud¬ 
denly subsided. There was no wind but the sea 
entered the houses a foot deep at Bima, and boats 
were driven ashore. At Tomhoro on the west side, 
there was subsidence of the land 18 feet. The 
noise and other volcanic effects extended over an 
area 1,000 English miles in diameter including the 
Moluccas, Java, Celebes, Sumatra and Borneo. On 
Amboina in the same month the ground opened, 
threw out water, and closed again. Sir Stamford 
Raffles, Governor of Java, required reports on the 

effects from all provinces. 

At 7:00 p.m. April 10 the material projected 
was all incandescent, and enormous fiery columns 
rose above the crater, while numerous currents or 
streams of incandescent blocks swept down on the 
flank, of what Zollinger described as glowing lava 
streaming down in every direction. The explosions 
continued with black fume until July. 

The evening of April 10 a wave 14 feet high 
rushed in and caused a great disaster; after three 
minutes the sea resumed its normal level. The 
quantity of detritus estimated more than 150 cubic 
kilometers, according to Junghuhn and Verbeek, 
would equal one-fifth of the volume of Etna. 
Houses were crushed by the weight of material. In 
all the Little Sunda islands, the date of April 10, 
1815 was remembered as the night of ashes. It is 
estimated that 10,000 persons were killed and 
37,000 died of starvation and pestilence which 
followed. Zollinger reports that many inhabitants 
of Sumbawa island developed serious dysentery 
and died in a few days. 

All of these accounts of Sumbawa are antiquated 
and exaggerated, but are of interest in showing 
that Tomhoro volcano may possibly have been 
more violent than Krakatoa, and the engulfment 


reducing the height of the mountain was of the 
same order: but the Krakatoa engulfment was 
mostly under the sea. 

It is remarkable in many of the steam-blast erup¬ 
tions that a favorite season for beginning was 
April-May to early June: Kilauea, Mauna Loa, 
Pelee, Soufriere, Tarawera, Katmai, Krakatau, 
Vesuvius, Lassen, Tomboro: three are in the south¬ 
ern hemisphere, seven in the northern. Also north- 
east-southwest seems to be a common trend of 
rift; Kilauea, Mauna Loa, Pelee, Soufriere, Tara¬ 
wera, Katmai larger cones, and Taal. Some others 
are east-west. No extended argument need be 
developed here about these questions, but there 
seems to be reason for the approach to summer 
solstice in the northern hemisphere to produce 
strain, and in Hawaii the approach to winter sol¬ 
stice when liquid lava was free has repeatedly been 
a time of rising. As to the northeast trend, the 
five arcs in the western Pacific are worth studying 
in relation to the meridians on the supposition of 
equatorial lag of crust with reference to the earth’s 
rotation, and temperate zone shear. 

The principal happening at Krakatoa was a large 
engulfment. The same thing has been shown by 
the Hawaiian Volcano Observatory for the 1924 
and 1790 eruptions of Kilauea. Wilbams has 
shown the same thing for Crater Lake. To the 
writer s thinking, practically all the great calderas 
are engulfments, and the internal lowering of 
magma to enter a sub-caldera void is an ordinary 
process of magmatic adjustment amid the tensional 
crackings of ignisepta, or crustal partitions full of 
dikes along volcanic rift lines. 

This means that the computations of large bulks 
in cubic kilometers of supposed ejecta, are wrong. 
They were computed from supposed continuity of 
discharge or from the cubical bulk of enlarged 
crateral space. Obviously this crateral space was 
evacuated mostly by matter dropped inside the 
earth and paroxysmal continuity is very short¬ 
lived. The measurement that led to these large 
figures was obviously not based on thickness of 
residual ash, for most of that was immeasurable 
and in the ocean. The computation by Finch in 
Hawaii 1924 showed the ratio of ejecta to inclusa 
to be 1/250. ' 

Therefore it is probable that the Tomboro ejecta 
were in moderate volume, as also those of the 
Caribbees, Krakatoa and Katmai. In these places 
Heilprin, Verbeek, Judd and Griggs have made im¬ 
possibly large estimates of volume ejected, just as 
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did Verbeek and Junghuhn for Tomboro. All such 
estimates become more just, if they are called 
“volume engulfed,” for continuity of actual ash 
volumes is incalculable. 

Details of Sumbowa Eruption 

Some time before the eruption, possibly three 
years, a dense cloud began to form over the sum¬ 
mit which was no longer disturbed even by the 
strongest winds but became ever denser and dark¬ 
er, and also of greater length and height. Occa¬ 
sionally thundering noise was heard from the in¬ 
terior of the mountain, at first dull and seldom, 
then becoming more frequent and distinct, finally 
becoming continuous and overpowering. 

The outbreak of Tomboro shook that part of the 
earth so greatly that the effects were felt in the 
entire ellipse of the Moluccas as well as in the 
nearer Java, Celebes, Sumatra and Borneo, across 
an area of more than a thousand geographical 
miles. On all these islands the explosion was 
noticed as a repeated jarring motion of the ground, 
as well as by the noise of subterranean rattling and 
rumbling. 

On April 11 houses in eastern Java were vio¬ 
lently jerked. In the night of the same day, in 
south Celebes the houses in Fort Rotterdam and 
the ships in the harbor of Makassar were jarred, 
earthquake flood-waves were observed in several 
places, these on the coast of the Sanggar Peninsula 
(Tomboro itself) reaching a height of 12 feet. 

The fall of volcanic debris made an ash bed on 
Sanggar three feet deep, at Bima one and one-half 
feet, at Sumbawa two feet, on the west side of 
Lombok one and one-half feet, on Bali one foot, 
on the east coast of Java nine inches. There was 
a thin layer at Batavia. 

In 1847 three layers could be distinguished in 
the materials thrown out on Sanggar in 1815. The 


lowest consisted of fine ash and appeared to repre¬ 
sent a part of the ejecta of the period from April 5 
to 10. The second layer consisted of lapilli largest 
at the bottom. Presumably these stones fell in the 
night of April 10, 1815 shortly after the summit 
of the mountain was engulfed. The upper layer 
consisted of coarse sand out of which partly the 
rain had washed the finest material. This was 
probably the product of the period from April 11 
to April 14. The ash that fell thereafter was very 
fine and light and was mostly carried away to 
greater distances by the wind. The distribution 
of ash, in view of the fact that the east winds had 
already begun so as to carry the dust westward, 
was mapped as an egg-shaped ellipse with its 
longer axis ESE-WNW, and ite shorter axis at 
right angles to this, its pointed end WNW. 

Van Rheden, the modern investigator, estimates 
the volume of the mountain Tomboro reduced by 
about seven cubic miles. This is very different 
from the estimates of Verbeek of 36 cubic miles 
ejected, and of Junghuhn 93 cubic miles. Van 
Rheden remarks that the deposits of April 1815, 
measured in his geological survey 100 years later, 
are very irregularly distributed. In many places 
he found signs of elevation of the shoreline of 
about a yard. 

The commonest fragments of the 1815 eruption 
appear to have been leucite basanite, and leucite 
tephrite, but there is nothing said about contempo¬ 
raneous breadcrust bombs. The eruption products 
of 1815 still accessible near the crater are mostly 
fine black volcanic sands, containing feldspar and 
biotite, some sharply angular black or brown lap¬ 
illi, gray-green pumice fragments, and pieces of 
dense black biotite-bearing basanite lava. It is 
interesting that leucite tephrite is also the lava of 
Vesuvius in Italy. Underneath both places old 
limestones may have been melted up. 



CHAPTER DC 

Java’s Gas Warfare and Bali’s Lava Flows 


The most colossal explosive eruption in all his¬ 
tory is believed to be the Toraboro outbreak of 
1815. Ten thousand people were killed by burial 
under ash, and drowning by enguHment in the 
sea-waves, and 37,000 by famine and disease. 
The crops of the neighboring islands were buried 
under two feet of ash, and the houses necessarily 
crushed. At the height of the eruption the whole 
mountain was covered with showers and blasts of 
glowing gravel and sand, but probably not lava 
flows. The coast was reported lowered 18 feet, 

and elsewhere harbors were shoaled. 

The volcanoes of the Dutch East Indies have 
produced vastly more explosive matter than all the 
rest of the world. There are at least four hundred 
of them, of which 80 show activity, and about 36 
have had explosive eruptions, which ravage fear¬ 
fully the fertile lands of Java and Sumatra. 

Excellent topographic maps and investigations 
by the Office of Mines of the Dutch government 
at Batavia have been made for many years, but a 
new Volcano Committee was organized in 1919. 
Many memoirs on volcanoes have been issued since 
1918, with colored maps and photogravure illus¬ 
trations. One exhibits volcano studies made from 

airplane by Mr. Taverne. 

The first memoir deals with Sumatra volcanoes, 

caldera lakes and hot springs. The second is on 
Kelut volcano, which took 5,500 lives in 1919 by 
throwing out its crater lake, A tunnel is being 
driven to drain it. Merapi in Java forms the sub¬ 
ject of the third; this volcano ejected incandescent 


blasts in 1920-21. In the fourth the Bromo-Smeru 
country is described, with its sand-sea in the Teng- 
ger, this being near Soerabaia the northeastern 
naval station. The fifth deals with the north¬ 
eastern archipelago, Minahassa and the Sangi 
islands, where the crater lake and mud eruptions of 
Awuh are like Kelut. And the sixth, with air¬ 
plane illustrations, describes the outbreak of Ga- 
lunggung 1918, with lava in the form of an ande¬ 
site dome. 

There are 58 volcanoes in the East Indies which 
have been in eruption since 1600 A.D., and 45 
others in fumarolic activity. Sixteen volcanoes 
have erupted in Java, Observatories before the 
1941 war were in operation on many Javanese vol¬ 
canoes. The research carried on concerns seismo- 
logic, meteorologic, temperature, and chemical 
measurement, and depth soundings in crater lakes. 
Each Bulletin of the Survey reviews the volcanic 
phenomena of the month, lists publications, and 
No. 2 begun in November 1927, contains an in¬ 
teresting table and map summarizing all the vol¬ 
canic activity of the East Indies. 

By 1928 the volcano service of the Dutch East 
Indies had erected observatories on the volcanoes 
Semeroe, Tangkoeban Prahoe, Papandajan, Me¬ 
rapi, Kelut, Lamongan, Idjen, and Karmodjang. 
Most of these had permanent observers, five of 
them had seismographs, five reported thermo¬ 
metric measurements of gases or hot springs, two 
reported chemical tesU, and six made meteoro¬ 
logical measurements. In two of the volcanoes 
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crater lakes were sounded occasionally, and 10 
other active volcanoes were visited from two to 
four times a year. 

The word kawah means crater, and Tangkoeban 
Prahoe, in west central Java, has seven vents. In 
three of these craters after August 1927, increased 
solfataric action produced the suffocating gases 
carbonic acid and hydrogen sulphide. Through¬ 
out 1927 the locality known as “Death Valley,” 
outside of the Ratoe vent of this volcano, had its 
gases sampled by means of the Bunte burette. At 
the same time the temperature was taken, and such 
weather conditions recorded as might influence the 
gas measurements, such as air temperature, hu¬ 
midity, pressure, cloudiness, and wind. Carbonic 
acid in August varied from 36 to 69 percent, in 
September from 46 to 78 percent; hydrogen sul¬ 
phide in August between 7 and 16 percent, and in 
September between 4 and 15 percent. 

In Papandajan, of southwestern Java, the hot¬ 
test place is the Kawah Mas, where a self-recording 
electrical thermometer automatically registers the 
temperature every 12 minutes. The maximum 
reading was 372® C. September 1927, and the 
highest temperature during that year was 420® C. 
Here also suffocating gases are abundant in the 
Roeslan Valley, named after a native observer who 
was suffocated there December 18, 1925. 

In October 1927 “Death Valley” gave from 59 
to 75 percent carbonic acid, and 10 to 12 percent 
hydrogen sulphide. Observed at a place where at 
the end of June 1923, three high school boys had 
met with sudden death caused by asphyxiating gas, 
the measurements showed a decline of the per¬ 
centages, especially in the case of carbonic acid. 
On September 13 the sum total of both gases had 
been 35 percent, whereas on October 29 it was 18 


percent. At Papandajan, in the Kawah Mas, maxi¬ 
mum temperatures were higher in October, and 
minimum temperatures lower, than in the preced¬ 
ing month. The highest temperature recorded was 
379® C. In Roeslan Valley carbonic acid varied 
from 20 to 42 percent, hydrogen sulphide from 7 to 
12 percent. The crater Nangklak No. 4 gave car¬ 
bonic acid 4 to 33 percent, hydrogen sulphide 2 to 
11 percent 

In December, 1927, cold carbonic acid gas was 
coming out at Death Valley, and a spring showed 
sulphur in suspension. In Roeslan Valley hydro¬ 
gen sulphide varied between 10 and 20 percent, car¬ 
bonic acid between 41 and 51 percent. At another 
crater of Papandajan, Nangklak No. 4, hydrogen 
sulphide varied from 10 to 12 percent, and car¬ 
bonic acid from 43 to 68 percent. 

In January, 1928, Roeslan Valley on Papandajan 
gave hydrogen sulphide 16 to 17 percent, carbonic 
acid 47 to 49 percent. Nangklak No. 4 gave hy¬ 
drogen sulphide 6 to 9 percent, carbonic acid 43 to 
49 percent. 

Papandajan in February, 1928, showed higher 
temperatures, and along the banks of a small brook 
traversing the volcanic crater hydrogen sulphide 
developed in a new place near an old camp, so that 
a native who passed the place swooned. 

In March Tangkoeban Prahoe increased its gas 
pressure, and in a ravine between two of the cra¬ 
ters suffocating gas appeared in such high concen¬ 
tration that one of the dogs of the observatory was 
choked. The carbon dioxide there was found to 
be 75 cm. deep, by the capacity of the gas to ex¬ 
tinguish a flame. 

In April 1928, Bromo Volcano in eastern Java 
was reported as having been active since the mid¬ 
dle of March when the eruption had begun with 
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loud explosions, the ejection of big stones, and ash 
clouds of reddish color. A light ash fall continued, 
and a sulphurous smell was perceived some miles 
away. At Papandajan in May a blow-hole in the 
Baroe Crater threw up black sulphurous mud, 
staining the whole region round about. In central 
Java a sudden eruption occurred near Batoer, a 
well known tobacco producing center. Strong 
earthquakes occurred May 4-13, and then an ex¬ 
plosion amidst the tobacco fields, where three vents 
opened, a dull noise occurred, and the material 
thrown up was saturated with water and flowed 
south in three hot mud streams, while the stones 
ejected destroyed a large part of the hamlet Tim- 
bang. One man was killed by a falling stone, 
there were new cracks in the ground, the crops 
and vegetation were destroyed, and highly con¬ 
centrated suffocating gases came forth. 

In July, 1928, these gases were investigated, and 
carbon dioxide was found escaping from fissures 
under high pressure along the road from Batoer 
to Dieng. The gases streamed down drainage 
ditches, forming a layer 20 cm. deep, which would 
extinguish a candle flame 60 meters away from the 
vent. On June 13 a light wind blowing up the 
grade deepened the gas until it was 160 cm. deep 
(5 feet), and so was dangerous. The gas layer 
became visible by condensation, and produced gid¬ 
diness, high pulse, and heavy pressure at the back 
of the head. Birds were killed, and the lush bam¬ 
boo vegetation, as well as fields of tobacco, with¬ 
ered from exposure to the gas. 

This history for the observatory work of only 
two years shows how much the warfare against 
the volcano goddess includes the chemical divisions 
to guard populations against gas attack. Nowhere 
is this more conspicuous than in the Dutch East 
Indies, where the population is so crowded that 
gas emission is almost sure to kill someone. The 
United States possesses Death Gulch in the north¬ 
east corner of Yellowstone Park, where carbonic 
acid gas forms a heavy layer killing animals and 
insects in calm weather, and even grizzly bears are 
attracted by the carcasses, and die if they enter 
the deadly pools of gas. But this place is far away 
and lonely so that the children of men are unaf¬ 
fected. It is probable that acid volcanic waters 
decompose limestone lying under the lavas of the 
Yellowstone. 

Many craters in different parts of the world have 
the character of a large cauldron miles across sur¬ 
rounded by cliff walls, floored with the products 


of several inner vents, and broken at one side by a 
radial valley leading down the mountain. The 
radial valley is not an essential, but is common. 
In Java and Bali there are four notable calderas of 
different sizes, Idjen of diameter 16 km., Batoer 
14 km., Tengger 8 km., and Roeang 2 km. Escher 
defines caldera as “A very large steep depression 
with a flat floor in the top of a volcano, the di¬ 
ameter of the upper rim being much larger than 
that of necks.” By “necks” are meant the inner 
conduits up which lava rises, these being smaller 
units than the whole caldera. 

The caldera conception may be very well illus¬ 
trated by Mokuaweoweo and Kilauea in Hawaii, 
each over 5 km. across and containing inner pits 
or cones that lie over necks. The Kau Desert is 
somewhat like a radial valley leading from Kilauea 
Crater. 

Calderas have been subjects of controversy in 
geology. The dispute concerns the question whether 
the large orifice overlies a magma column of that 
large size, whether the large cauldron was pro¬ 
duced gradually or by a single titanic eruption, 
whether it was made by the up-welling and sink¬ 
ing back of lava, whether it was made by a gigantic 
explosion, whether it could have been made by 
gradual down-faulting and this be related to a 
down-faulted sector that made the radial valley, 
or finally whether it was produced by a plexus of 
causes not always the same in different cases. 

The Tengger is a large crater ring in eastern 
Java near the resort Tosari, and famous for the 
activity of the crater Bromo and the wonderful 
photographic views which have been made of the 
sand-sea, the great smoking volcano Smeru or 
Semeroe, and the marvelous landscape of the huge 
caldera which surrounds Bromo. 

Bromo is in the Tengger caldera along with four 
other smaller craters. Off to the northeast extends 
the Sapikerep Valley leading away from the cal¬ 
dera. The older explanation was that there was 
first a big double volcano which had an enormous 
eruption accompanied by engulfment and such 
lava-flows out through the valley as to break down 
that side of the mountain. Then came deposits 
of loose materials and finally younger lava filling 
through small new vents inside the caldera. 

Escher in Holland was greatly impressed by 
the scouring effect of the gas phase in the eruption 
of Vesuvius in 1906 which he calls an eruption of 
the Ferret type. He draws analogy for explain¬ 
ing Tengger from the sequence of events in Vesuv- 
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ius between 1906 and 1926. This sequence in 
Vesuvius was (1) a small high crater, (2) the 
big eruption and the large deep crater, (3) crumb¬ 
ling walls, (4) building up the inner floor, and (5) 
high crater floor, one principal inner cone. 

The history of Tengger was probably as follows: 
(1) a twin volcano 4,000 meters high with one 
strongly developed erosion valley, (2) a gas phase 
in the eastern of two craters scoured out a deep 
funnel, (3) a gas phase and collapse funnel in 
the western crater, (4) lava overflowed this west¬ 
ern crater into the eastern one and later into the 
radial valley, (5) a repose period, valley erosion, 


and subsidence of the eastern crater lava, (6) minor 
activity in the five inner craters of which Bromo 
is the survivor. 

Assisted by Kuenen, Escher carried out experi¬ 
ments in gas erosion of upright funnels through 
sand with a compressed-air blast to make cylindri¬ 
cal and other chimneys by gas erosion. 

Escher has studied the missing sector of the 
cone of Galunggung volceino in Java, and its re¬ 
lation to the “Ten Thousand Hills of. Tasikmalaja” 
nearby. There have been mapped a total of 3,648 
of these hills or hillocks. E^her groups these 
into categories according to heights from 10 to 70 
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meters and computes their total volume as 142,• 
000,000 cubic meters. 

The hillocks are composed of very fine material 
enclosing large blocks. Various exposures were 
studied where recent cuts had been made to get 
out the andesitic blocks for road materials. 

The cone of Galunggung is young and still 
smooth and nearly perfect except for a wedge- 
shaped valley sector on the southeast slope. A 
first glance suggests that this trench is a radial 
down-sunken block, narrow above and widening 
down the slope. Escher restored the original con¬ 
tours across the trench and by comparison with 
the actual contours prepared a map which shows 
by 100-meter layers the thickness which has been 
removed. Multiplying by the areas, he gets the 
total volume of the missing part of the cone as 
above 2,866,000,000 cubic meters, or about 20 
times the 140,000,000 cubic meters of the hillocks. 

Aggregate volume of the hillocks is far too small 
to correspond directly to the missing part of the 
cone. One agency, though a minor one, is erosion 
that has carried part of the hillocks into the ocean. 

A second probability is that the hillocks are 
only projections from a broad layer of similar 
rock and mud material. The underlying mixture 
forms a layer which is at least 20 meters thick 
at the center, though it thins toward the margins 
of the area it covers. Escher holds that the un¬ 
derlying material and that of the hillocks are due 
to a single tremendous landslide or mud flow. 
Where the hillocks are highest is where the mov¬ 
ing mass had its greatest energy. Within historic 
times mudflows caused by rains have produced 
similar deposits at the other volcanoes in Java. 

A third point to be considered in connection 
with the origin of the debris is the nature of the 
fluid which on its release caused the landslide. 
The two possibilities are that the liquid was lava 
and that it was water. No lava is found in any 
of the cuts. It must have been water, which im¬ 
plies that the crater must have had an impervious 
lining capable of making a crater lake. The bar¬ 
rier must have consisted of alternating beds of 
lava and explosion material which were held in 
place by their weight. Some very unusual con¬ 
dition must have arisen to allow it to be broken. 
The first eruptions of Galunggung were from a 
central crater, and later a new vent opened a little 
to the southeast which gnawed into the south¬ 
east wall of the first crater. A third vent was 
a little farther southeast and gnawed still more 


into the southeast wall of the original crater and 
finally thinned it to the breaking point. 

When the crater wall had thinned sufficiently 
the crater lake broke through and caused an ex¬ 
tremely violent and watery landslide. The hillocks 
represent the fixation of the last materials of the 
slide, clots that remained standing higher, the 
principal mass having slowed down because of in¬ 
creasing bottom friction as it spread out fan- 
wise and lowered, and as it lost part of its water. 
The surficial parts continued their movement for 
the friction against the air was small. 

The air pressure of the resulting landslide wind 
must have been tremendous and would undoubted¬ 
ly have annihilated such a town as Tasikmalaja 
had there been one there at the time. Therefore, 
one can confidently speak of the landslide as pre¬ 
historic for such an event would surely have been 
recorded had there been any written records. 

In west central Java the active volcano Galung¬ 
gung is a big cone 2,168 meters high with an 
amphitheater hollowed out of its eastern side, and 
from this amphitheater three streams drain off to 
the south in a flat country where many villages 
were devastated in a terrific eruption accompanied 
by mud floods in 1822. This flat country is 
covered by the many hundreds of prehistoric small 
hills from 10 to 250 feet high. 

The map, Figure 11, shows the crater trenching 
the east-southeast flank of the cone, and the roman 
numerals I, II, and III at the head of the crater 
valley mark eruption centers. The principal historic 
eruptions were in 1822, 1894, and 1918, the last 
developing a lava dome below point III on the 
map. The first two eruptions were explosive and 
produced great floods in the rivers. In addition 
there was a landslip in 1868, just as there was in 
the same year on the southeastern flank of Mauna 
Loa in Hawaii. Indeed this amphitheatre crater of 
Galunggung is strongly suggestive of the gaps 
of Haleakala Crater, which open into valleys to¬ 
ward the sea, and of the Waipio, Mohokea, and 
Wood Valley embayments on the island of Hawaii. 
The hundreds of prehistoric hillocks of Tasik¬ 
malaja bear some resemblance to some of the mor- 
aine-like hills on the south and west sides of Mauna 
Kea near the base of the mountain, these consist¬ 
ing of a jumble of mud and bowlders, possessing 
very irregular forms, and exhibiting no craters 
such as are characteristic of true cinder cones. 

The places on the map (Fig. 11) of the Tasik¬ 
malaja hills marked Tj arc streams, the hills are 



52 


East Indian Explosions 


indicated by the mottling, and their disposition 
with the largest ones out in front of the crater 
valley certainly suggests a relationship between 
their origin and some ancient discharge from 
the valley. 

Dr. F. X. Schaffer, head of the Division of 
Geology of the Museum in Vienna, suggests an¬ 
other origin for these hills. He holds that the 
hillocks are man-made. Most or many of the 
hillocks bear houses and fruit trees. As dwelling 
sites they offer some protection from the numer¬ 
ous mosquitoes and rats which infest the rice fields 
at the bases of the hillocks. They offer some im¬ 
munity from attack by hostile persons, and they in¬ 
sure dryness for the dwellings. They also offer 
places of refuge from the volcanic mud-flows that 
from time to time rush down the depressed sector 
of the volcano where they are to be found. The 
gently sloping, fan-shaped region built up by the 
mud-flows is very favorable for rice cultivation, 
which has undoubtedly been practiced from time 
immemorial. However, the preparation of the rice 
fields has involved the movement of great volumes 
of rock and earth in order to bring them to grade. 
In the process of clearing the land it would be 
probable that the people would make dumps of 
the bowlders and cobbles from the mud-flow ma¬ 
terial. Thus the dumps have become hillocks, and 
it was a simple matter to take advantage of the 
hillocks that are favorable for house sites. 

The objection might be raised that the volume 
of material moved is too great to be conceivable 
as the work of human beings. This might be true 
of occidentals, but is not beyond the powers of 
the numerous and ant-like industrious Malays. 
Schaffer concedes that the cores of the larger 
hillocks are not man-made. “It is to be regretted 
that we have no information as to native legends 
of the origin of the hillocks,” writes Professor 
Palmer, from whom this is quoted. 

The foregoing discussions of bowldery hills in 
fan-like grouping in front of a crater valley in Java 
are too important to pass without some comment. 
The Hawaiian volcanoes are breaking down by 
faulted sectors. When such downbreak is ac¬ 
companied by explosion at the volcanic center, big 
downblasts, floods and landslips are common. The 
north face of Pavlof cones in Alaska shows down- 
broken sectors, the right-hand peak, Pavlof proper, 
exhibiting an open A-shaped gash, clotted rocky 
hillocks of debris below it and under the crater, 
and a vast jumble of bowlders and wash spread 


out in a fan farther down the slope. This jumble 
contains hundreds of mounds like those described 
under Galunggung, (see Plates 21, 22). 

The most perfect parallel to the Galimggung 
cluster of hills is to be found on the north slope 
of Bandaisan volcano in Japan, and these mounds 
were created by the explosion and landslip of the 
great eruption of July 15, 1888. Large and small 
conical mounds stand out from the surface of the 
debris in immense number. There are big bowld¬ 
ers, measuring from five to ten meters, carried 
along as part of the mud current, and thousands of 
mounds have been formed on the vast sea of mud, 
standing out of the debris like so many miniature 
Fujiyamas. They consist of disintegrated crumb¬ 
ling rocks, and the refuse falling around their bases 
has assumed a conical shape by forming taluses 
around them. 

The writer examined this field of landslip of 
Bandaisan in 1914, where a huge amphitheater was 
quarried out of the flank of the mountain by the 
eruption, making just such a map as that of Ga¬ 
lunggung. The hillocks are clustered fan-like amid 
the tumble of rubbish in front of the crater niche. 
There were scars on the sides of the valley devas¬ 
tated, 75 to 100 feet above the debris, showing how 
the mud and earth had sunk away from its highest 
level. This high level corresponded with the tops 
of the mounds. The mounds had mostly a hard 
bowldery core, and many of them stood as islands 
in the lake which the eruption had produced by 
damming. One hill sketched was a pyramid with 
four surfaces fallen away, its summit sharp, made 
of earth and stones. The explanation adopted was 
that the first rush of the landslide was a thick fan 
while the huge rocks were grinding up, then the 
vast amount of water acquired by the finer ma¬ 
terial made this finer stuff rush much farther as a 
mud flood, carrying smaller bowlders and bowlder 
clots, and spreading as a thinner layer. This out¬ 
spreading of the lower fan drained down the de¬ 
posit from the scar level to the final level, and the 
larger rock fragments in units and groups re¬ 
mained in relief, as mounds which resisted farther 
progress. This would leave the large clots nearer 
the crater, the smaller ones farther away, and pre¬ 
cisely that effect is shown by both Java and Japan. 

There is every reason to suppose that Galung¬ 
gung has had the same type of eruptions as those 
of Bandai. In both cases the same expression is 
used by scientific observers, “thousands of conical 
mounds.” Escher’s explanation appears to the 
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writer to be correct, and to account for the grad¬ 
ation in size, and the distribution relative to the 
crater, and the rocky cores, while Schaffer’s ob¬ 
servation concerns human selection after a cata¬ 
clysm had created the hills. 

Under Bali there are Fiery Forces 

On the island of Bali, next east of Java, there is 
a volcanic rift line trending northwest and south¬ 
east carrying two larger volcanoes, Balur on the 
northwest and Agung on the southeast. The latter 
is believed extinct, but Batur has had lava flows in 
1849, 1888, 1904, 1905. and twice in 1921. In 
August 1926, a new and extensive lava flood de¬ 
stroyed the village Batoer with its Brahman temple, 
(oe or u can be used interchangeably in Java 
names, pronunciation as in tour,) 

Dr. C. E. Stehn, in charge of the Volcanologic 
Service of the Netherlands East Indies, has pro¬ 
duced an interesting memoir on this eruption. The 
illustrations show fissure eruptions, details of cones, 
craters, and flows, and lava tunnels which are all 
like Hawaii in topographic arrangement, but there 
is ash ejected with the lava outflow, and this is un- 
common in Hawaii. The lava is an olivine-bearing 
pyroxene-andesite, or basalt, carrying about 52 Jo 
of silica, and therefore is somewhat more acid and 

refractory than the Hawaiian basalt. 

The upper part of Mount Batur is an oval sink, 
larger than the Kilauea crater, with NW-SE axis 
eight and a half miles long, and the other dimen¬ 
sion six miles. Inside this there is a second 
cauldron four and one-third miles across, merging 
into a crescent-shaped crater lake at the southeast 


end of the greater caldera. This lake is 200 to 260 
feet deep, 

On the floor of the inner crater stands a mixed 
cone rising 2,000 feet above its base and 5,600 feet 
above sea level. This is some 1,300 feet below the 
highest rim cone, Mount Abang, at the southeast 
end of the outermost ring wall. The greater ring 
crater is closed with its drainage inward to the 
lake, and in this respect differs from Asosan in 
Japan, which it somewhat resembles. The inner 
volcano, here as at Aso, is the scene of activity, and 
the historic lava flows have been filling the south¬ 
ern half of the inner wall valley from 1849 to the 
present. 

Batur is the name of the inner volcano, which 
has two summits, several groups of craters, and 
fracture lines mostly radial, which are studded 
with crater cones and pits. There are some frac¬ 
tures which are concentric, and one that crosses the 
flank of Batur. 'fhe summit pits of Batur are 160 
and 650 feet deep, and gave vent to lava flows in 
1905. Twenty-two groups of parasitic cones and 
craters have been found, partly built of ash and 
partly of lava scoriae, either loose packed or sin¬ 
tered together. 

The eruption of 1926 began in the night of 
August 2, was preceded by earthquakes, and 
opened a long radial fissure at the southwestern 
base of the inner volcano Batur. Hot slag was 
thrown up, and lava flowed southwestward. The 
following night the fracture opened to a length of 
4,200 feet northeastward in the direction of the 
peak. The lava flow divided into two streams 
flowing north and south when the confining wall 



Figure 12. Block diogrom of Botur erotor cmd iimor volccmo, after Stehn. 
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of the inner sink was reached, and the southern 
branch overwhelmed the village completely by 
August 27. 

The progress of the eruption greatly resembled 
a flank eruption of Mauna Loa. At first there 
were 20 spurting jets along a continuous crack. 
After August 10 three groups of active mouths be¬ 
came segregated, containing eight to ten craterlets 
each. These built up in the course of the month 
so as to make the highest cones of ash at the north¬ 
east or highest group of vents. The middle group 
produced blocks, bombs, and cinder, and built 
cones of intermediate height. The lower openings 
of both groups produced lava flow with a tempera¬ 
ture from 1,100 to 1,200° C. Lava fountains were 
observed. Gases escaping at the border of the lava 
field as late as May 1927 still had temperatures 
up to 575 degrees C. The lowermost group 
of vents was some 1,600 feet down the rift from 
the others, and during the eruption it would fling 
up large blobs of glowing lava from 30 to 60 feet 
into the air. 

The uppermost lava flow was a foamy pahoehoe 
near the vent. The lower one was a scoriaceous 
aa, and both streams flowed together as a rough 
clinkery lava in the lower parts of the flows. Large 
rafts of plastered clinker 20 feet high and 40 to 50 
feet across were observed on the surface of the 
flow transported one and one fourth miles. In its 
upper course the lava flowed 20 feet a minute on a 
slope of five degrees; farther down on a horizontal 
floor 1.8 miles from the source the lava field was 
26 feet thick and progressed 130 feet in 24 hours 
(August 9-11). August 28 a velocity of 39 feet 
per hour was measured two miles from the source. 
Approximately 741 million cubic feet of lava was 
produced, the outflow ending September 21. 

This memoir is of great interest in showing true 
lava eruptivity in the East Indies. 

Flores is the long isl^d east of Java, Bali, and 
Sumbawa, and an admirable monograph on this 
subject has been published by Kemmerling. There 
are from 100 to 200 eruption points on the island, 
the young volcanic mountains making about one 
half its surface. The cones are arranged in rows 
either parallel or at right angles to the fold struc¬ 
ture of the Tertiary rocks. Volcanism is older at 
the west. In the east, lines of young volcanic cones 
trend either E-W or N*S. 

There are fourteen active volcanoes, the records 
are scanty, and it appears that lava effusion is still 
important in the Indian Archipelago. Lava streams 


and lava plugs are common. Table mountains of 
loose ejecta have sometimes funnel-shaped explo¬ 
sion craters, which change to kettles with wide 
bottoms ascribed to a hardening of the central re¬ 
gion, and cylindrical pits are rare. Lava slag 
heaps are very rare. 

The volcano regions are comparatively uninhab¬ 
ited. There is indirect danger, however, of col¬ 
lapse near the sea causing huge tidal waves. The 
lavas are basaltic andesites with feldspars high in 
anorthite. The recent ejecta are basaltic, and un¬ 
derlying gabbro or granodiorite is indicated by 
fragments. 

The Rokatiada Eruption 

A newspaper report of August 9, 1928, stated 
that the eruption of Rokatinda killed a thousand 
people, injured 600 with flying rocks, and in addi¬ 
tion six villages were wiped out by eruptions and 
earthquakes, and a large section of the seaboard 
had been submerged, and recurrent waves of enor¬ 
mous size had caused the sinking of nine vesseb. 
The exact facts of this eruption have now been 
investigated by the volcanologists of the Nether¬ 
lands East Indies and it appears that 226 people 
were killed, of whom 128 perished by flood waves 
caused by landslides at two places on the south¬ 
east and south coasts of the island. Four villages 
were covered with ash and pumice, and two others 
were partly destroyed. 

The volcano Rokatinda b on the southern flank 
of the circular island Paloeweh which lies north of 
Flores. The eruption occurred in the night August 
4-5, 1928. It was preceded by local tremors which 
increased in intensity from July 25 on. Many of 
the inhabitants of the southern villages near the 
crater fled to the northern part of the bland. The 
greatest destruction was between 10 p.m. and 
midnight. Great masses of new material in the 
form of pumice and ash were thrown out, and of 
old material in the shape of lava blocks. The new 
craters were enlarged by subsequent explosions. 
The red hot stones could be seen far away from 
the north coast of Flores. As thb is the dry sea¬ 
son the grass and trees were fired by the incan¬ 
descent material so that the southern half of the 
bland was ablaze. 

Three new craters were formed, some 500 meters 
apart, one 400 meters in diameter. During the 
violent eruptions of the fbst few days ash and 
pumice to a depth of from one to two meters ac¬ 
cumulated at a distance of one kilometer from the 
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craters. Large blocks fell 1.5 kilometer away from 
the center. These blocks were as big as a man’s 
head and made large impact cavities in the ground. 
Pumice fell all over the island. Ash, carried by 
the prevailing wind, covered the southwestern part 
of the island with a thick mantle of light gray dust. 
On August 5 and 6 this ash fell on Bali and on 
East Java. 

On August 8 only white clouds of steam were 
issuing from these pits. In the large southern 
crater a plug had appeared consisting of coarse 
loose porous light gray block lava containing many 
inclusions. After this conditions were tranquil, the 
crater could be approached without danger, one of 
the smaller craters threw off some ash, another 
went out of action at the end of August, and on 
September 9 a new craterlet was formed throwing 


out stones in the immediate vicinity of the vent 
and fine ash that fell all over the island. 

This new eruption ceased September 25 and 
thereafter only white steam clouds were emitted. 
The three earlier craters had thrown out light gray 
ash, whereas the later crater ejected dark gray ash 
and angular blocks of old material. 

A beach on the southeast shore of the island dis¬ 
appeared, and a steep bluff was formed by sinking 
of the seacoast on the south shore. Fumaroles and 
solfataras are found on several parts of the island 
about lava flows, old domes and fissures, and some 
of these as well as the elevated fringing reef around 
the island, indicate that the island is subject to 
fracturing by uplift. There is no previous histori¬ 
cal record of eruption on Paloweh, another land 
proving incompleteness of volcano records. 
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ashes fell at camp all day. This continued, and at 
4:00 p.m. January 29 a violent quake occurred, 
another at 11:00 n.m. and about 1:00 a.m. January 
30 I was awakened by a loud rumbling noise. The 
explosions resembled heavy artillery, there was 
electrical display in great volumes of black smoke 
at the crater and the smoke drifted over our camp 
with light fall of ash. The explosions ceased and 
we went to sleep until the great explosion of 2:20 
a.m. January 30. 

“Loud rumbling noise was again heard and be¬ 
fore I could get out of bed an explosion of in¬ 
describable severity took place. Smoke came out 
of the crater in dense clouds. The rumbling noise 
grew louder and louder and then came a heavy 
report. I then saw the mud issuing from the crater 
as a cloud. In a few seconds 1 saw this cloud 
drifting across the lake toward our camp. Our 
camp was then swept by a heavy wind which broke 
the tent ropes and threw the tent into the air. This 
atmospheric disturbance threw me a distance of 
about 15 feel. A rain of ashes fell about eight 
inches deep, the air was oppressive, and we gasped 
for breath for 20 seconds. For half a minute 
there was light warm rain followed by more ash; 
then cold heavy rain for fifteen minutes. A tidal 
wave from the lake reached the camp a quarter- 
mile back from the shore. We took refuge on high¬ 
er ground, everything was washed away at the 
camp, one of the party was slightly burned about 
the arms with hot ashes but otherwise we did not 
suffer injuries,” The surveying party retreated to 
I«emery, Figure 13, location 145, 28 miles to the 
south reaching there January 30, 5:00 p.m. 

Martin, photographer, on January 29, 1911, 
early in the morning crossed the disturbed waters 
of Bombon Lake and reached crater rim 8:00 a.m., 
and photographed rising columns of white cauli¬ 
flower vapors from numerous orifices within the 
crater. Every weak point in the crater floor had 
ruptured, an enormous column of vapor rose from 
the former green lake and swept westward, the 
1904 crater was in full activity, and a small new 
crater had formed at the north where there had 
been a large solfatara. Enormous masses of black 
mud were thrown up, with frequent loud explosions 
and earth shakings. 

From Tanauan, location 146, northeast of the 
lake on the railway at 1:05 a.m. January 30, an 
extraordinarily heavy explosion was heard and an 
enormous column of mud rose at the crater eleven 
miles distant with a great display of chain light¬ 


ning. Twelve minutes later there was a rain of 
mud at Tanauan. It was followed by a fall of fine 
dry volcanic ejecta. The sky cleared completely 
before 2:00 a.m. 

At 2:20 a.m. a double explosion occurred that 
tore most of the floor out of the main crater. The 
huge black cloud rose for a long time making 
extraordinary electrical display visible for 250 
miles. The explosion was heard over an area 600 
miles in diameter. The cloud darkened the whole 
country and again wet mud came down in Ta¬ 
nauan twelve minutes after the explosion and kept 
falling for half an hour covering the ground. 

On January 30 from 3:00 to 3:45 p.m. Martin 
and Geologist Pratt visited the crater for pho¬ 
tography, and 15 minutes after they left, an explo¬ 
sion deluged Taal Island, location 147, with mud, 
and sent a cloud down the volcano slope. Martin 
reported “no animal life could have lived on the 
island. Not a blade of grass escaped. Trees eight 
inches in diameter were broken leaving stumps 
one to two feet high with ends shredded in splin¬ 
ters by the sand and small stones, driven by the 
force of the eruption. A 600-pound bowlder fell 
on top of the highest ridge. A breadcrust bomb 
of augite andesite was found, one meter in diame¬ 
ter.*’ Martin saw no fire and said the eruption 
consisted mainly of mud and very wet mud at that. 
Trees were found lying in directions radiating from 
the crater. The whole island had subsided relative 
to the lake eight to ten feet as proved by sub¬ 
merged trees. An immense body of steam and 
gases charged with sand had swept downward and 
outward in all directions from the crater rim send¬ 
ing a huge wave outward over the surface of the 
lake, blowing houses to bits, breaking down trees 
and on the mainland shores of the lake bending 
down saplings, bushes, bamboos and tall grasses to 
the ground. 

At San Jose, 14 miles southeast of crater, loca¬ 
tion 148, Muni reported that first earthquakes 
were felt about 9:00 p.m. January 27 becoming 
more severe 11:00 p.m., and by 3:00 a.m. and 
throughout January 28 earthquakes were numerous 
and severe, with steam rising from the volcano in 
a steady cloud. He observed the crater from 
Mount Macolod, southeast shore of lake, elevation 
3,141 feet, location 149, forenoon of January 29, 
for three hours. Steam belched from crater after 
each earthquake. During severe shocks he could 
see the mountain underfoot rocking. He returned 
to San Jose and slept for only an hour or two 
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the evening of January 29, when awakened 
by severe shocks that increased in number and 
intensity. Shortly after 1:00 a.m. he saw flashes 
of light, felt a shock and heard a rumble when 
a thick black balloon-shaped cloud rose from the 
crater, was illuminated by lightning and dispersed 
after about five minutes. Earthquakes increased 
until the great explosion of 2:20 a.m. January 30, 
when balls of fire and an immense column of 
smoke and ashes arose several miles into the air 
lighted by very vivid electrical display and accom¬ 
panied by long heavy rumblings lasting 20 minutes. 
The wind blew the cloud of smoke and ashes in a 
northeasterly direction and smoke poured forth 
many hours but no further eruption was seen. 

There was a sharply-marked death zone with 
1,335 people killed and only 199 wounded. Those 
who escaped were blown into the lake or were in 
protected spots. The dead and wounded were 
scalded, or washed inland by waves from the lake, 
the flesh was lacerated, bones were fractured by 
stones or flying debris driven by the radial blast 
from the crater and there was asphyxiation by a 
gigantic sand blast. There is doubt about the 
heat of the mud, but much evidence it was charged 
with sulphuric acid. It killed green leaves and 
grass. There were local explosions in houses due 
to ignition of explosive gases. The bark of the 
stumps of trees on the side towards the volcano 
was shredded to fibers in fine strands and many 

trees were thrown down radially. 

The crater bottom had been at sea-level before 
the eruption, whereas the large white inner lake 
18 days after the eruption was approximately 
290 feet below sea level. The crater margins were 
above sea level from 800 feet on the northeast to 
1,000 feet southwest in the profile. The inner 
crater lake had greatly increased in area by 
April 8, 1911. The crater of the green and yellow 
lakes had been almost unchanged since 1888, ex¬ 
cept for the development of a southern pit in 1904, 
containing a temporary red lake in the rainy 
season. The white lake of February 17, 1911, was 
1,600 feet in diameter, that of April 8 about 
3,300 feet. Just as at Rotomahana in New Zealand 
it is notable that lowering of more than 300 feet 
was the first effect of the disturbance of the 

crateral volcanic lake. 

The Taal eruption of 1911 was notable in being 
a single event that ended after the crisis of January 
30 as though the underground lava might have 
risen in the deep rift, and plastered itoelf to the 


walls so as to shut off the ground-water and fill 
up the steam boiler. The eruption was not pro¬ 
longed into several months as in 1754. It did not 
lengthen out into a sequence of increasing in¬ 
candescence and lava like the Martinique eruption 
and those of Katmai and Sakurajima. In this 
respect it was more like Bandaisan in Japan which 
made its steamblast and stopped. Taal’s eruption 
was completely a discharge of mud like that stage 
of Tarawera in New Zealand which eviscerated 
Lake Rotomahana. Also like Rotomahana was 
the lowering and recovery of the lake. 

There was an outlet of Bombon Lake, location 
150, to the sea 4.2 miles long of slight down 
grade before the eruption, and both inner crater 
lakes and Bombon Lake appear to have been only 
a few feet above sea level. After eruption a 
crater lake was lowered about 230 feet (and refill¬ 
ing), the country all the way to the seashore was 
cracked by earthquakes, and the crateral engulf- 
ment was compensated by inpouring water of 
Bombon Lake through cracks in the cone. Taal 
was thus a sea level and below sea level eruption 
of fresh water. The rainfall .on high land round 
about reaching heights of 3,000 feet was competent 
to keep water-table high and the waters of the lake 
fresh, and with the seismic break-up of the country, 
the resources of the head of groundwater were 
certainly called upon to produce inflow when mud 
and ash were distributed over 1,200 square miles 
of territory. Inflow was very rapid for three 
months after the engulfment. 

The physiological effects were just the same as 
in other steamblast eruptions, with human skin 
scalded on parts not protected by clothes, appar¬ 
ently caustic chemicals were present, sulphuric 
acid was mentioned but sulphur smells were not, 
the amounts of glowing material and fire were 
small, in some places there was certainly lack of 
oxygen, and possibly some gas poisoning. Pratt, 
however, mentions sulphur dioxide. 

In the region of maximum devastation every¬ 
thing was killed by violent rush of steam, gas, sand 
and mud, by mechanical violence, by suffocation 
with wet ash, and possibly by local explosions from 
the mixture with air of volcanic gas, or the gases 
of carbonized vegetation. The tendency to 
asphyxiation by reduced oxygen, as usual, was 
very short-lived. The evidence of contemporaneous 
incandescent magma was confined to the bread- 
crust bombs of augite andesite composition, but 
there was certainly an underground body of magma 
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that made some sudden movement, releasing pres¬ 
sure and inducing steam explosion of geyser type. 
An important feature of Taal is that it fills out 
a series of volcanoes in the order from free-flowing 
basaltic lava to stiff siliceous underground lava 
which does not show itself. This order is from 
primitive magma to those forms of the earth s 
internal black slag that have been altered by melt¬ 
ing up such continental rocks as sandstones and 
shales. It is the difference between deep oceanic, 
and continental, earth crust. The Philippines, 
Japan and New Zealand are continental, Kilauea 
and Iceland are deep oceanic. Vesuvius and the 
West Indian islands probably go deeper than Taal 
and Bandaisan, but are contaminated by under¬ 
lying limestones and sandstones. A possible series 
in the order from contaminated to deeply primi¬ 
tive is Bandaisan, Taal, Tarawera, Katmai, Sou- 
friere-Pelee, Vesuvius and Kilauea. 

All of these volcanoes probably ejected rock 
samples of contemporaneous underground lava but 
there is no chemical logic or consistent order in 
the composition of the ejected material, for it all 
depends on the heat conditions of the subter¬ 
ranean furnace and the composition of the con¬ 
tacts. There may be some logical water-and- 
magma temperature-viscosity relation that keeps 
Bandaisan magma restrained as an intrusive, and 
leaves Kilauea magma free, self-healing and liquid. 
Olivine-basalt is the deep fundamental magma and 
its physico-chemical adventures are somehow dif¬ 
ferent under Taal from what they are under 


Kilauea. As there are liquid basaltic lavas in a 
volcano of central Africa, Nyamlagira, “conti¬ 
nental” as used above means shallow source and 
available contamination, rather than mere geogra¬ 
phy. Mediterranean seas within continents have 
accounted for continental concentrates of silica, 
lime and alumina, while sandstones etc. are mostly 
lacking in the three-quarters of the earth covered 
by deep oceans. Hence Kilauea’s liquid basalt is 
not exceptional, but most of the Kilaueas are un¬ 
known to man, under ocean waters. 

Moyon Volcano 

On July 1, 1928, Mayon, the “Fujiyama” of the 
Philippines, was in mild eruption, sending blocky 
incandescent lava flows from notches in the rim of 
the summit crater, and emitting dust-laden steam. 
Chlorine and sulphuric acid were found in the 
dust. The climax was reached about July 20, and 
in August the volcano returned to its normal 
state, emitting steam vapors. The lavas are an¬ 
desitic basalts, with plagioclase, augite, hypers- 
thene, magnetite, and hematite. 

Mayon is in southeastern Luzon, 23 hours by 
rail from Manila. It is 2,421 meters high, and 
has had 28 eruptions in 114 years since a destruc¬ 
tive eruption in 1814. There were two long quiet 
periods, 1814-27 and 1900-28. The normal con¬ 
dition is continuous mild activity. The most vio¬ 
lent eruptions are followed by the longest periods 
of rest. The beautiful cone htis never been de¬ 
stroyed, and the conduit has always been in the 
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center. The losses of life have been by asphyxia¬ 
tion, dust blasts, overpowering incandescent slides, 
flood, and earthquake. The last two are secondary. 
The incandescent slides appear to be thrusts clear 
to the sea of unbalanced slopes attacked by radial 
aa flows above and bombardment of falling ma¬ 
terial. The lava flows follow the steep gulches and 
rise above them, forming ridges where trenches 
were before. 

There were disastrous outbreaks in 1814 and 

4 

1897. The greater damage was the overwhelming 
of shore villages by a torrent of “fire, lava, and 
large hot stones.” Two great disasters by flood 
and typhoon, in 1766 and 1875, were occasioned 
by heavy rainfall causing the unstable volcanic 
slopes to wash down to the sea as mud flow, with 
high mobility and great rapidity. Thousands 
perished and much property was destroyed. The 
path of the waters was an expanse of bowlders and 
sand, with pieces of wood, to mark the place where 
was once a thriving community. 

The events in 1928, after 28 years of quiet, 
began with rumblings in January. June 16 the 
steam jets increased in volume and crater glow 
was seen. Dust “cauliflowers” began June 24. 
Incandescent flows overlipped the crater June 27. 
Army fliers June 29 circled the crater at 2,500 
meters, and photographed the cauldron at 200 
meters distance. They felt the heat strongly, in¬ 
haled sulphur, and estimated the crater diameter 
at 500 meters. It was circular, with vertical inner 
walls, a deposit of cindery material on the sides, 
and a pool of bubbling hot lava in the center. The 
rim is notched with a main chute or horseshoe 
opening on the eastern side. Aluminum sulphate 
and sulphur are common in the crater during 
quiet times. 

Fragments were shot into the air, reports were 
heard, lava poured out through the notches in the 
crater wall and followed the gullies, forming snake¬ 
like trickles radiating from the summit. The 
molten material crusted over and cracked, and the 
impact of falling glow-stones made fireworks. 

At the end of June the lava streams lengthened, 
resembling red hot glaciers covered with moraines. 
Black clouds of dust-laden steam swept down the 
mountain. The explosions waxed and waned until 
July 20. Hollows filled with the molten material 
and the junction of two valleys assumed the ap¬ 
pearance of a subordinate crater. July 16 volcanic 
materials were descending the northern slopes. 
There was periodicity of three to five hours in the 


spells of roaring, hissing, cracking, and tumbling 
noise. At the climax there was a spectacular eve¬ 
ning display of bombs describing parabolic curves 
of fiery rocketing at the summit. A column of 
heavy dark clouds rose 8,000 meters above the 
summit, the top of the mountain was rose red, 
brilliant lightning flashed from dustcloud to dust- 
cloud, and streams of lava flowed in all directions. 
Sometimes the column moved spirally. When the 
wind arose, “the volcano appeared like a gigantic 
locomotive puffing on a heavy grade.” 

Mayon is one of the most symmetrical volcanic 
cones in the world and is sometimes called the 
Volcano of Albay. Its crater is often so small— 
craters of such active volcanoes are always chang¬ 
ing—that the two pure concave curves of the 
profile meet in a sharp point. This condition is 
assisted by the large number of summit eruptions 
which are constructive and almost always overflows 
of the crater, with only occasional destructive 
collapses averaging about forty-four years apart. 
The four great destructive eruptions were in 1766, 
1814, 1853 and 1897. 

In the eruption of 1766 there were tornadoes 
called baguios in that country which complicated 
the volcanic ejections with floods and landslips 
that buried towns in the adjacent plain. This is 
like the ancient eruption of Galunggung in Java. 
A similar storm on Mayon in 1825 destroyed 1,500 
people and wrought great damage by landslip. 
These phenomena indicate that the gulches on such 
a symmetrical cone fill with unbalanced heavy 
masses of high-level lava flows capable of sliding 
down with debris below. Possibly this combina¬ 
tion of landslip erosion and basal accumulation 
about an overweighted steep summit, occasions 
the beautiful cone curve. It may well be inquired 
also whether hot water floods gush up unseen rifts 
during the climaxes of volcanic destruction. 

The dreadful eruption of 1814 partially de¬ 
stroyed four towns, darkened all of North Luzon 
and sent up ash that was carried to the coast of 
China. Twelve hundred people were killed. 

The 1853 eruption was of short duration, the 
crater belching smoke, ash and heavy stones for 
about four hours which made landslips, demol¬ 
ished houses and killed thirty-five persons. 

The intervening period between 1853 and 1897 
was notably filled with quiet eruptions where lava 
flowed either from the summit or from rifts near 
the summit, with noisy rumblings, lava flows on 
the southern and eastern sides of the moimtain. 
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and in some cases alternation of crateral explosions 
and lava flows. 

The destructive eruption of 1897 lasted for only 
a day but claimed three hundred and fifty victims 
and destroyed much property. 

The crater is usually filled up with fragments of 
large stones piled on top of one another, through 
the crevices of which many little jets of vapor are 
rising. This description suggests aa lava in a 
central pencil. The jets of vapor unite in a feather¬ 
like cloud. The rifts appear to be open as cracks 
on the south and east sides of the peak above the 
2,300-foot contour. There the vegetation stops 
while on the north and west sides of the volcano 
the ground is not fissured and vegetation some¬ 
times has been found growing almost all the way 
to the summit. 

The reported outflows and eruptions of Mayon 
since 1616 number about thirty. This includes 
constructive years of lava flow and the four de¬ 
structive collapse cataclysms of what is probably 
steamblast. Thirty notable outbreaks in 327 years 
gives a rough average showing an eleven-year cycle, 
agreeing somewhat with Kilauea and Vesuvius. 

In view of the great symmetry and the large 
number of lava ejections close to the summit, the 
lava a basaltic magma carrying olivine crystals, 
Mayon would seem to be worthy of observatory 
study. It is unusual in cone symmetry and in 
holding up its lava column to such a great height. 
The changes in elevation, tilt, earthquakes, land¬ 


slips, hot waters, gases and temperatures would 
probably yield a rich harvest to a faithful scien¬ 
tific observer. 

Philippine Earthquakes 

Papers by Father Maso of Manila show that 52 
destructive earthquakes, or about two per year, 
occurred in the Philippines during the first 22 
years of this century. The strongest originated 
in the Pacific and in the Celebes Sea. Shocks 
from the land or the shallow seas were of small 
extent. The damage was mostly to old or badly 
preserved buildings. Old tile roofs were particu¬ 
larly dangerous. Places in recent alluvial soib 
suffered most. 

Shocks became more numerous from west to 
east, or in the Pacific direction, where the relief 
due to profound deeps is most pronounced. Shocks 
occur in clusters, calm years alternating with dis¬ 
turbed periods, and infested places likewise shift. 
Manila had bad earthquakes in 1863 and 1880. 
Houses of mixed construction, masonry below and 
wood above, resisted the earthquakes well. , 

The Agusan Valley in eastern Mindanao is the 
most active region seismically. The earthquakes 
are most felt in the level marshy central part of 
the valley where there are lakes and where subsi¬ 
dence occurred during earthquakes of 1893 and 
1894. Just to the east lies the great Pacific trough. 
A big earthquake occurred in this valley July 12, 
1911, the same year that Taal erupted. 



CHAPTER XI 

Sakurajima Learned the Lesson of Mount Pelee 


The 1914 eruption of Sakurajima in Sateuma 
province, Japan, was spectacular in the extreme 
and the handling of the many thousands of people 
in volved marked a great advance in life-saving 
since the disaster of Martinique in 1902. As a 
phenomenon the eruption was of intense interest 
to Japanese geologists because of the great lava- 
flows, which converted the island of Sakurajima 
into a peninsula by filling the channel between the 
island and the mainland, for lava flows are rare 
among Japanese volcanoes. The writer was dele¬ 
gated to go at once from Hawaii to the scene of the 
disaster; he arrived at Kagoshima about a month 
after the outbreak began and saw the eastern cra¬ 
ters in full activity and the lava flows in motion, 
and thanks to government officials, correspondents, 
teachers and resident Americans, he was able to 
get a connected account of the forewarnings, the 
outbreak and the progress of the eruption, and 
some details of the effects on the people and their 
property. It was a terrific cataclysm, immediately 
over a large town, but practically no one was killed 
by the volcanic discharges. 

Sakurajima was an island in Kagoshima Bay, 
an elongate fjord-like sound fifty miles deep by 
ten wide extending north into Kyushu from the 
south. From here extends the curved chain of the 
Luchu Islands for 875 miles to Formosa with active 
volcanoes dotted along the west side of the chain. 
These lie in a line above a deep rift which has 
vomited volcanic materials for ages, and at the 
north end of this line on the mainland are the 


three volcanoes Kaimon, Sakurajima and Kirishima. 

The island Sakurajima was a complete rugged 
volcano, 3,506 feet high, with steep rocky heights, 
two main summit craters and some subordinate 
ones, old lava flows with young growth of pines 
and rough blocky surfaces, and flood-wash flats 
and valleys of agricultural land occupied by fishing 
and farming folk along the shore. There were 
eighteen villages having a population in 1911 of 

23,049. 

Of the other two volcanoes mentioned, Kaimon 
is a cone 28 miles south of Sakurajima at the west¬ 
ern entrance of the bay, and Kirishima is an 
equal distance to the north, and beyond the head 
of the bay. Kirishima has a record of being 
dangerously explosive and has destroyed life and 
property more than once in the last century. 

Sakurajima was oval east-west, seven by five 
miles in diameters, and nearly filled the bay be¬ 
tween the city of Kagoshima and the Osumi 
promontory, the latter a mountainous headland of 
a rather sparsely settled country east of Kagoshima 
bay. The channel west of the volcano, between 
the village of Yokoyama and Kagoshima was two 
and one-half miles wide; that to the southeast 
separating Sakurajima from the Osumi headland 
was much narrower, one-third of a mile, but the 
chart showed 29 fathoms of water in its narrowest 
and shallowest part, while most of the channel was 
over 50 fathoms deep. The Kagoshima channel 
showed 19 fathoms, deepening to 70 fathoms to¬ 
ward the north middle portion. 
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The population of Kagoshima by the last census 
was 63,500 people, but the completion of the rail¬ 
road from the north increased its population since 
1911, so that 70,000 would be a fair estimate. The 
city is built on a plain with stone wharves and 
breakwaters, and is spread out over an area of two 
by three miles. 

The most densely peopled part of the city is 
backed by rocky cliffs which are less than three 
miles from the base of the volcano, and four and 
one-half miles from the active west crater of 1914, 
so that the position of Kagoshima was closely 
analogous to that of St. Pierre in relation to 
Mount Pelee. 

The Forewarnings 

Bruce Mitford in 1909 and Friedlaender in 1910 
published warnings that Sakurajima, though totally 
quiet, with only a few hot-spring bathing resorts to 




Figuro IS. Map oi Japan tram Tokyo to Kagoshimo with inset mop showing S<^ura|inia 
▼olcono and its lava flows of 1914. Location numbers referred to in the text. Copied from 
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indicate the fire within, must be considered an 
active volcano likely to erupt explosively, with 
violent premonitory earthquakes. 

The folk-lore of the inhabitants has kept alive 
the story of the great eruption of 1779, which 
was commemorated on the island by a festival. 
The following is an authentic account of this erup¬ 
tion, written in 1838 by Kiken Ijichi; it shows 
close parallelism to the events of 1914, as well as 
exhibiting old Japan most picturesquely. 

Record of the Burning of Sakurajima in 1779 

“In the evening of the 29th day of the 9th moon 
(October-Novemher) at Kagoshima the earth 
started shaking without forewarning, it would 
shake and stop and shake again before one could 
adjust one’s thoughts to the happening. It shook 
long and it shook short, no one knew how hard, 
every quake seemed destined to wreck the houses. 
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and it looked as though the earth would split 
asunder. The people were startled and terrified, in 
full measure, not being winged gods or dragons 
who could take refuge in the sky. 

“Ordinary earthquakes feel like a boat rocked 
by the waves, but these were different even as a 
horse after a scrubbing shakes his mane. The 
noises were as of the cry of some mountain birds. 
The doors and paper screens rattled like hail upon 
the roof. 

“Sleepless, the populace tried in vain to count 
the shocks, more than a hundred in the night. 
The next day, the 1st of the 10th moon (Novem- 
ber-December) the quaking continued until after¬ 
noon, when about two o’clock the summit of Saku¬ 
rajima was suddenly rent asunder and fire shot 
upward as though mapy cannon were discharged 
together, with a sound of grinding stones. In awe¬ 
struck amazement the people saw dense white 
smoke coming out like a whirl of snow or bundled 
cotton. It went through the clouds and was 
thought to reach the blue heaven. At the Meiji- 
Kwan its height was calculated as 3 ri, 2 cho, 
6 ken (7V^ miles). 

“The smoke wrapped the flames, lightning flared, 
it spread out like a bed-quilt, and so loud were the 
thunder-claps that it seemed as though the bolts 
must fall on people’s heads. A certain dignitary, 
with whom we sympathize, hid himself in his well, 
and another dropped his chop-sticks in terror. 

“The vent was aimed at the sky and round black 
stones fell; then looked like birds in flight even 
at a distance of 2 ri (4.9 miles), so large were 
they, and the stones were so hot they set fire to 
grasses, trees and houses, and the whole island 
seemed fearfully aflame and smoking. 

“The northwest wind made the smoke fly east¬ 
ward and there the people momentarily expected 
thunderbolts and fire as they saw it spread above 
them. Women and children, noisy and panic- 
stricken, had no time and no whither to flee 
before they were assailed with the sulphur-smell 
and the fall of ashes. These covered land and 
sea, and then came sands as though dumped from 
a tray. By the time wide hats had been donned 
to protect the head, it seemed as though powdered 
India ink filled the air, so pitch dark did all 
become. The people thought the mythic perpetual 
darkness was here, or the Hell as taught by Buddha. 

“Thunder and earthquake came together, as 
though warring or shouting at each other, and the 
whole world was noise. People could not hear 


each other talk, and they thought the mountains 
were riven asunder and the ocean sloping and 
pouring so that soon the sky would be upside 
down. Day and night were indistinguishable. 
Lights were kept burning; if one ventured out the 
head must be protected; torches and lanterns were 
of little use, so dense was the fall of sand and 
stones; paper umbrellas collapsed, and even the 
officials were forced to stay indoors. 

“At Nagasaki, where he was visiting, Mr. Izo Oda 
of Kagoshima saw ashes fall on the evening of 
the 1st day of the moon. On the 7th ashes fell at 
Yedo (Tokyo). The thunder and lightning and 
smoke travelled to distant places and the ash fell 
without rain; when it travelled long it lost the 
power of fire, but the big noise of thunder went far. 

“At Umigatamura, across the east strait from 
Sakurajima, confusion reigned, and at Obama next 
to it, so fearful were the people that the lava would 
burn out suddenly beneath their feet that all fled, 
along with Umigata and Nakamata folk, leaving 
even the necessities of life behind them. The flight 
began after 4:00 p.m., whole families on the 
march, whither they knew not, but desiring only 
to get away. At 4 o’clock there had been an earth¬ 
quake with awful rumble, and it was afterward 
learned that fiery lava had burst out from above 
Kurokami and devastated the lands from there to 
Shirahama. Somewhere the earth broke and a 
mountain tide of water came out, sweeping away 
houses and washing the fields. 

“The second day of the moon was a little quieter, 

I but the sunshine was hardly brighter than the light 
of a new moon, and the black smoke with light¬ 
nings continued. After rain or snow we expect 
bright weather, but what can one expect after a 
sandfall? The wise men with torches went afield 
and cut millet, dug potatoes and pulled up radishes 
and turnips, for they said ‘We must have food, 
anyway.’ 

“On the third and fourth days the smoke became 
thinner and the sandfall less. The fifth was not 
quite so hopeful, the sky lowered and it was unwise 
to venture heedlessly out-of-doors. Sounds arose 
like a mighty wind, like the lowing of cattle, like 
a blast on a conch-shell or like the beating of 
drums. Ashes, sand and some earthy things of 
the color of charcoal fell, which none but the sages 
recognized. 

“When after a few days things became quieter, 
the younger refugees from Obama, uneasy about 
the fate of their homes, returned to them and 
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found the houses buried to the eaves under sand 
and light stones of four or five “sun” (five or six 
inches) circumference. By burrowing they pene¬ 
trated the dark interiors and brought away uten¬ 
sils and supplies on their backs, returning to their 
temporary camps near Haya-Zaki. After the 
seventh, though houses were dark and sky was 
dim, they all returned to their old homes. 

“Across the strait from Setomura a ferryboat 
usually plied, the distance being so short one could 
call and get a reply. Sakkwabira was the landing 
on the mainland, near Umigata. The people of 
Furusato, Arimura, Waki and Kurokami on the 
island wanted to escape to Umigata and on the 
first and second day of the moon some crossed in 
boats. Thereafter, however, so many light stones 
were blown out from burning holes on Sakura- 
jima, stones which fell on the water and would 
not sink (making the sea look as though covered 
with matting), that the channel was blocked and 
sampans could not cross. The people were frantic, 
crowded sitting or standing on the beach, trying to 
protect their heads with their garments, and the 
women wept. 

“The villages Furusato, Arimura, Waki, and 
Kurokami had been utterly consumed and buried 
by the flood of burning stone which poured down 
the mountain, but all the people escaped eastward 
to Setomura which was more remote from the 
burning craters, so that some of its houses escaped 
the conflagration. A well-to-do owner of one of 
these, one Kuranojo, went to his warehouse and 
secured bolts of cloth to protect heads, then calling 
together some of the brave in heart, three of them 
started across the strait on foot, the packed pumice 
acting as a bridge. Two crossed in safety, but 
one stepped upon a thin layer of the floating stuff 
and plunging into deep water lost his life. Seeing 
him others feared to make the attempt, and no one 
else crossed. 

“Kuranojo reached Umigata after many hard¬ 
ships and spoke about the condition of Setomura. 
Realizing at once the terrible plight of these 
stranded folk, Kento Ishyuin and Shobu Takano 
gathered together the men of Umigata and started 
forth in sampans to the rescue. Being unable to 
make headway through the packed pumice they 
sought a way where the floating stones were 
thinner and finally broke a way through by hard 
sculling, and reached the island. Several hundr^ 
people were rescued in this way. Knowing that 
the refugees had not eaten or drunk since the 


first of the moon, (although only one ri—2.44 
miles—from Umigata) they provided soft rice, 
one bowl to each person, realizing the danger of 
too much or too hard food after such himger and 
thirst. 

“When we saw these poor people their appear¬ 
ance was shocking, powdered white with ash from 
head to foot, some bruised and bleeding from 
fallen stones, all starved thin with sunken eyes 
more like corpses than human beings. When they 
saw the rescuers they worshipped them as if to 
pray to Buddha, prostrating themselves on the 
ground and bowing humbly and weeping in grati¬ 
tude at being raised from death. 

“Tlie story of one woman about forty years old 
with eyes swollen with weeping, was as follows: 
‘When the firing began, burning stone fell like 
rain drops, all the houses caught fire, and old and 
young fled in terror to the beach and piled into 
boats regardless of ownership. Some of the boats 
were overloaded and sank and the people drowned. 
Others were unable to make headway against the 
floating stones, and many disappeared she knew 
not where.’ 

“These boats drifted away with the currents 
imtil the pumice became thinner and after many 
hardships the refugees reached open water and 
made such ports as Taniyama, Kiire, Yamagawa 
etc. One Dennimon of Honjo who had been at 
Arima hot springs with his wife became separated 
from her when they took to the boats, so that the 
husband reached Yamagawa and the wife Tani¬ 
yama. Many were rescued in a boat from Ushibuka 
of Hizen Province, and taken by the owner to his 
own country. There he sold a daughter of Ku¬ 
ranojo of Seto into an Osaka brothel, where she 
became a high-class courtesan and was named 
‘Sakurajima.’ There she was found by a Kago¬ 
shima merchant, whom she recognized and em¬ 
braced with weeping. This man, Tsurumani, was 
at first astonished and thought her demented. 
Finally she explained that she remembered him 
well as one who used to come to Seto, her child¬ 
hood home; she described her pitiful plight and 
craved his sympathy, and he remembered her and 
wept. In her lamentation she expressed her wonder 
as to whether her sad fate was the penance for 
sins of a past world or transgressions of the present. 
Having urgent business he was obliged to leave 
her. Another girl, daughter of Cinnemon of 
Arimura, a well-to-do farmer, was sold in similar 
bondage to Mitarai of Aid province. 
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“ *I myself,* said the woman, ‘held a four year 
old child in my arms and led another of seven, and 
so impeded was forsaken by the boats. As I groped 
through the night a stone large as a hand-ball 
stnick the baby in the neck and killed her. She 
gave one cry and lay quite still, and all my efforts 
to revive her were in vain. I prayed she might 
live a thousand generations, but all prayers failed, 
and the body became colder and colder. So I 
covered her face with a cloth, and wept over my 
dead.* 

“Just then a weary old man came creeping near 
and told her of other people killed by falling stones, 
others dragging themselves along with broken legs, 
and some buried alive under sand drifts. But 
she could not help, hardly could she save herself, 
all was blind, the earth was rolling sickeningly, 
people wandered aimlessly between Furusato, Ari* 
mura and Waki, and struggled like fish trapped 
in a net. 

“On the upper slopes of the mountain back of 
Arimura and Furusato there was a mighty burn¬ 
ing, and melted black stones came flowing as from 
a smelter, and this poured into the sea for the 
width of 120 yards. Afterwards this place was 
called Niimoye, which means ‘the new place of 
burning,* and here what looks like a highway of 
black stones marks the course of the flow. 

“In this fiery hell many were killed, but one 
survived. The melted stuff boiled like water in 
a cauldron. In a large cavern above Waki a 
swarm of people took refuge from the falling pro¬ 
jectiles and it was packed to the entrance. Their 
fate was terrible; an avalanche of sand rushed 
down from the hills, blocked the entrance to the 
cave, and buried them all alive, without chance of 
flight or succor. 

“Parents were slain by lava, children buried 
alive; husband was parted from wife, brother from 
sister. Demented, starving, thirsting, expecting mo¬ 
mentarily to be blown to atoms, crawling, stumb¬ 
ling, slipping, amid stones, sands and hot ash, men 
and women were stricken with utter despair. One 
couple with a dying child, screaming for water, 
gave him urine to drink. (For water was always 
scarce on Sakurajima, imported from Mizunoshiri 
or Sakuhanahira.) 

“Among the visitors at Arimura hot springs was 
a wealthy elderly lady from Kagoshima- She took 
flight with the others but became exhausted. Her 
devoted man-servant, disregarding his own condi¬ 
tion took her up tenderly and carried her on his 


back for two nights, reaching Seto at noon of the 
second day. So he fulfilled his duty and turned 
her over to others. He said he must rest awhile, 
and went into Kuranojo’s warehouse where he lay 
down, covered himself, and never woke. So they 
found him. This lady was of the Kawata family, 
she was given shelter, medicine, and clothing by 
Madame Shojokun, and was saved. We have never 
learned the name of the servant. 

“The deaths reported were variously estimated at 
144 and 157. Parents are required by the census 
bureau to file a registry of birth on a wooden 
tablet, but some neglect to do this, and other 
records were missing in the census book. Possibly 
a more correct approximate estimate of total deaths 
would be three hundred. 

“For many days pitiful scenes were enacted. 
Straw-thatched shacks were built along the beach 
for the refugees. After from fifteen to sixteen 
days the authorities of Kagoshima took the people 
thither and then transferred them to lands where 
the population was sparse. In Miyakonojo the 
place was called ‘Sakurababa,’ and cherries were 
planted there in memory of old Sakurajima. Many 
people escaped thither from Ushine, and living 
along the beach they formed a street called 
‘Ushinemachi.’ In the course of a decade, how¬ 
ever, one after another, they returned to their 
native soil. 

“Until the 6th or 7th the darkness in daytime 
was that of a moonlit night, then it became less, 
like the dawn, but three or four rumbling explo¬ 
sions with continuous rising smoke and some ash- 
fall took place every day. 

“Later, on the 12th day of the 11th moon 
(December-January, 1779-80) a new earthquake 
and revival of the outbreak of Sakurajima on the 
east (north-east?) took place with incessant thun¬ 
dering noises, and the smoke covered the sky far 
and wide and obscured the moon. Day however 
could be distinguished from night distinctly. Mud 
fell, but not sand. There were rumors of fire at 
Hayasaki, and at Ushine, and much terror, but 
after three days and nights of eruption the smoke 
cleared away and it was found that nine small 
islands had appeared in the sea 17 or 18 cho 
(about 1 1/4 miles) northeast of Sakurajima, on 
the side remote from Kagoshima. 

“One island appeared white as though made of 
sand with a circumference of about 1 ri (2^ 
miles), west of this was another sand island about 
2 to 3 cho (1/5 mile) in circumference; the other 
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seven islands were of black stone apparently, all 
of small size, bigh in the middle. Great was the 
strength of the fire god Shukugu who could lift 
up such islands where there had been water over 
100 fathoms deep! 

“East of Sakurajima is a cone called Nabeyama 
or ‘the saucepan’ which erupted in the 3rd and 
7th years of Bummei (1471 and 1475 A.D.) and 
poured out fiery stone between Kurokami and 
Omoyesaki (great burning cape.) The next year 
(1476) Nishidake (the west peak) erupted, and 
the same year another burning left its track west 

of Yuno. 

“It is said there was a pool in the top of Sakura¬ 
jima from very ancient times, which remained 
cool even in the scorching days of August, and so 
was called ‘Summer Water.’ It is said to have 
shown tides which rose and fell with the sea. 

“After the eruption of Sakurajima, in spite of 
all the sand which was thrown out, there was no 
change in the shape or height of the mountain. 
After the 11th month nothing very significant 
happened, there was smoke and occasional rum¬ 
bling, and then the people welcomed the new year 
of the 9th year of Anyei (February-March 1780). 

“To a sandy island called Iwaijima or Inoko- 
jima, about one mile in circumference, and having 
fresh water, the authorities transferred some refu¬ 
gees and built houses. Finding fertile fields others 
came and now (1838 A.D.) there are 17 or 18 
houses there. (Iwaijima to the south?) 

“As outside villages suffered severely, much 
more did the towns in the fire zone suffer, and 
Mukotsura, Kurokami, Seto, Waki, Arimura and 
Furusato were abandoned. Between the last two 
places, however, hot springs bubbled up after the 
eruption, and after about twenty years the inhabi¬ 
tants came back and opened prosperous bathing 
resorts. There had been hot springs from the olden 
time in Arimura on the grounds of the Governor’s 
mansion. After 30 years former residents returned 
and found some springs, but Furusato became the 
popular resort. From the 14th century Kurokami 
hot springs had been a bathing place of royalty, 
and here again after the eruption the springs welled 
up and became a resort. 

“The villages to the west of Shirahama and Yuno 
on the north and south shores of Sakurajima re¬ 
spectively survived fairly well the catastrophe of 
1779, but there was one peculiar exception. Above 
Akamizu is a hill Hiyoku with encircling deep 
valleys. These drain into the sea near Akamizu, 


but the lower reaches are generally dry sandy 
river-beds. This year the upper stretch was ponded, 
dammed by a sand dyke below, and during a cloud¬ 
burst the flood burst through the dyke, rushed 
down with tremendous power, forked about an 
accumulation of huge bowlders, and the two angry 
streams washed away the houses of Nojiri and 
Akamizu and filled the gardens with sand. The 
inhabitants scattered leaving the villages in ruins, 
but after 50 years a certain number of houses have 
been rebuilt by those who loved their native place. 
In Hiyoku valley the spruce trees were killed by 
the eruption. 

“The ferry from Umigata to Enoshima crossed 
a channel only a little over 100 yards wide. From 
about the 3rd moon of this year (April-May 1780) 
it became so shallow it could be easily waded, by 
reason of the sand bars washed in from the fallen 
material of the eruption. Before it had been a 
deep channel. Three years later it had washed out 
deeper, as high as a man’s breast, so that the ferry 
was again established—just as the white bearded 
Myojin god seven times transformed Lake Biwa 
into a mulberry field, and the hermit of old lived 
to see mulberries three times growing in the 
eastern sea. 

“The sand fell, white as the snow on Hakusan, 
2 Y 2 inches in Tarumi, 5 inches at Nakamata, from 
6 inches to 1 foot at Umigata, and four to five 
feet at Obama reaching to the eaves of the houses, 

“At first the people despaired of removing all 
this ash, but the feudal lord of the land, seeing that 
individuals could not clear their own houses, or¬ 
dered rich and poor, high and low alike to work 
together in shovelling. With every available tool 
aU worked with a will, the sand was dumped into 
the streams where it would be washed away, and 
with gladness and good-fellowship the villagers saw 
their vegetable patches emerge clean in a remark¬ 
ably short time. 

“In sorrow and loving kindness toward his peo¬ 
ple, and in memory of the dead of Sakurajima, the 
Baron of Tarumi sent Dokoku Taiken Zenshi to 
Umigata with other priests, where on the beach 
facing the fire mountain they erected a monument 
and read the Buddhist sacred books. Kwakumei 
Ishikawa, a learned scribe of the Chinese char¬ 
acters prepared the inscription, and thi^ cenotaph 
was set up in the compound of Shogakuji. The 
message brings tears to our eyes:— 

“ ‘Sakurajima stands in the sea of Satsuma facing 
Kagoshima with its foot lifted towards Tarumi- 
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On the 1st day of the 10th month of the 8th year 
of Anyei, fire came out of its back with storm 
darkness and thunder and lasted seven days and 
nights, burning the villages. The Lord of Tarumi 
sent out ships of rescue, but found bodies dead 
and burned to the number of one hundred and 
fifty-seven. To the end that the spirits of the dead 
may not wander, the priests of Shinoji erected this 
chapel on the beach and prayed for the dead.* 
“When I saw the great hollow in the shoulder of 
Sakurajima from Tarumi, I thought of the Budd¬ 
hist scripture— 

Scorched mountain, boiling sea. 

Heaven a furnace dire. 

All the earth like lotus flower 
Blooming first in fire. 

Mankind all too quickly blown 
Sped in flaming swirls 
E’en as the ravening fire mist 
Burned three thousand worlds— 

In the spring of the 9th year Signed, 
of Tempo Era (1838 A.D.) Kiken Ijichi.” 


Events of 1913 

From 1909 to 1913 the volcanoes of Japan had 
been unusually active and strong eruptions of the 
volcanoes Tarumai, Usu, Asama, Oshima and Kiri- 
shima in north, central and southern Japan in 
succession led Dr. Omori to extreme watchfulness 
at the opening of 1914. He had in fact planned 
a trip to Kirishima, because of the fears of the 
authorities of the district in consequence of three 
eruptions of that volcano in June, November and 
December of 1913, the last the strongest. 

The observatory of the Meteorological Bureau 
at Kagoshima recorded 91 earthquakes in 1913 as 
against an average of 34 per annum for 27 years 
previous. The quaking felt in Kagoshima was 
mosUy from May to August. The strongest of 
these shocks was at 4:50 p.m. June 30, 1913, taking 
effect at Ijuin eleven miles west of Kagoshima in 

Satsuma and doing some damage. 

The shocks of 1913 were felt more strongly on 
Sakurajima than in Kagoshima. A curious fact 
recorded by Mr. Murdoch of Yoshino, a suburb 
of Kagoshima to the north, is that perennial springs 
at Yoshino suddenly ceased flowing, and that 
similar water-supply failure happened in Kago¬ 
shima. The rainfall of 1913 was unusuaUy small 
in Satsuma, 1,603 miUimeters as against an average 
per year for 24 years to 1910 of 2,209 millimeters. 
Other dry years were 1894 (1397 mm) and 1904 


(1479 mm). The year 1913 then was a very dry 
year characterized by sudden cessation of springs 
north of Kagoshima, by many earthquakes in the 
Satsuma country, and by violent eruptions of Kiri¬ 
shima volcano, the last two outbreaks a month 
apart, November 8 and December 9. 

Earthquake Warning and Outbreak 

Naturally about January 9, 1914 there was 

t 

reason for those watching Kirishima, twenty to 
thirty miles northeast of Kagoshima, to be appre¬ 
hensive. But Kirishima remained deathly quiet. 
At Kagoshima and on Sakurajima island across 
the channel, however, things began to happen. 
Since August of 1913 not many earthquakes had 
been felt, but on the afternoon of January 10 
three strong shocks were felt and in the evening 
two more. The next morning Sunday the eleventh 
—to give the record as it was kept without instru¬ 
ments by a qualified observer Professor Sasamoto 
of Kagoshima—there were three strong shocks 
accompanied with rumbling in the early hours 
before sunrise. 

Rumbling now became common, before and after 
the many earthquakes of the 11th, mostly before. 
At three o’clock in the morning of the 11th at the 
Meteorological Observatory on the heights back of 
Kagoshima, Mr. Katsuno, the director, was obliged 
to set two men to work incessantly on the Ordi¬ 
nary Seismograph, which requires resetting after 
each shock, and they remained on the job day and 
night until the evening of the 12th, when the great 
earthquake broke the instrument. In that time 
frequently the shocks came so thick and fast that 
there was not time enough to adjust the instrument. 

Throughout the eleventh there were earthquakes 
felt, increasingly frequent, ten strong ones being 
counted by Mr. Sasamoto. Four of these were 
followed by strong rumbling which sounded like 
escaping gas under pressure. From Tarumi to the 
southeast of Sakurajima came the report that at 
2:00 p.m. on that day white smoke was seen rising 
from the middle of the volcano over the village of 
Waki. From 6:00 p.m. to midnight in Kagoshima 
shocks were felt about every twenty minutes, with 
rumbling noise. From midnight to 3:00 a.m. of 
January 12 these growling shocks increased to 
every ten minutes and then until 5:00 a.m. to near¬ 
ly every five minutes, when there came a lull, and 
for about three hours until 8:00 a.m. there were 
only five strong earthquakes at very irregular 
times. 
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The instrumental record at the Observatory 
showed actual number of shocks per hour strong 


and 

weak, following each hour of the day, as 

follows: 




No. of 


No. of 

Jan. 

Time Shocks 

Jan. Time Shocks 

11th 

4:00 a.m. 8 

12th 1:00 

a.m. 9 


5:00 a.m. 5 

2:00 

a.m. 7 


6:00 a.m. 0 

3:00 

a.m. 27 


7:00 a.m. 2 

4:00 

a.m. 13 


8:00 a.m. 7 

5:00* 

a.m. 20 


9:00* a.m. 5 

6:00 

a.m. 21 


10:00 a.m. 3 

7:00 

a.m. 13 


11:00 a.m. 10 

8:00* 

a.m. 25 


12:00* a.m. 9 

9:00 

a.m. 24 


1:00* p.m. 12 

10:00 

a.m. 17 


2:00 p.m. 14 

11:00 

a.m. 11 


3:00 p.m. 14 

12:00 

a.m. 6 


4:00 p.m. 16 

1:00 

p.m. 3 


5:00* p.m. 15 

2:00 

p.m. 5 


6:00 p.m. 10 

3:00 

p.m. 2 


7:00* p.m. 12 

4:00 

p.m. 2 


8:00 p.m. 28 

5:00 

p.m. 2 


9:00 p.m. 19 

6:29* 

p.m. 1 


10:00* p.m. 26 

(very strong) 


11:00 p.m. 20 

(instrument broke) 


12:00* p.m. 21 




(Note: Asterisks indicate hours during which 
extra heavy shocks were felt.) 

There were recorded thus 417 earthquake shocks 
from 4:00 a.m. January 11 to 10:00 January 12, 
at which hour the main eruption began. Counting 
the shocks of the 10th which began about 1:00 
p.m., it may be said that there was immediate fore* 
warning in rapidly increasing earthquakes and 
noises for forty-five hours prior to the volcanic 
explosion, and this warning was heeded. 

Every available boat was moving the inhabitants 
of Sakurajima island all day long January 11th, 
and on the 12th there was a general exodus assist¬ 
ed by army, navy and government. 

The table of earthquakes shows that there were 
three periods of specially vigorous shaking, namely 
the afternoon of the 11th, corresponding to the 
time of the smoke seen from Tarumi, the evening 
of the 11th, and the early morning of the 12th, 
this last period being strikingly terminated and 
relieved by the volcanic outbreak of ten o’clock. 
Earthquakes were weaker and fewer on the day of 
the outbreak, except for the disastrous one of 
6:29 p.m. 

It is probable that some eruptive phenomenon 


took place during the many and strong earthquakes 
between 3 and 5 a.m. Monday morning, January 
12, the fatal day of the great eruption; there was a 
blanket of mist over Sakurajima, but “ropes of 
white smoke” were said to rise above it. At 8:27 
a.m., however, there was an unusually strong shock 
recorded at the observatory, and at about this time 
the southern peak of the island was said to throw 
up a dome-shaped mass of white vapor, and rum¬ 
bling accompanied this eruption. 

These first hours of activity were ill observed 
because concealed from Kagoshima by cloud, and 
because the rumbling accompanying earthquakes 
had accumulated until 5:00 a.m. to such an in¬ 
cessant din that the inauguration of the eruption 
was a relief, with diminution of noise and of shak¬ 
ing, and so passed almost unnoticed at first. 

Mr. Sasamoto asserts that there were continual 
quick explosions from 9:00 o’clock on, and prob¬ 
ably this activity began in one of the summit 
craters. It was not noisy. The observatory on the 
Kagoshima height recorded a small white puff of 
vapor at 9:00 a.m. over the north side of the 
summit. It was a fine winter day, calm with very 
light airs from the east. By 10 o’clock the rain 
cloud over the mountain was mostly dissipated, so 
that the great drama unfolded under splendid pho¬ 
tographic illumination. 

The photographs showing stages in the outbreak 
give a clearer idea of what was seen from the Kago¬ 
shima waterfront after 10:00 a.m. than any words 
can tell. To understand the eruption it will be seen 
by consulting the map of Sakurajima that a line of 
vents formed west of the summit down the slope of 
the mountain towards Kagoshima, and over the 
summit the line continued southeast towards the 
Seto straits. 

The rock cone of the volcano undoubtedly rifted 
open from below along a ragged vertical crack 
across the mountain trending east-southeast, pass¬ 
ing through or near the southern summit crater, 
and a column of lava surcharged with gas rose 
into the cone from the depths in a condition which 
may be likened to a tremendously explosive foam. 
The lava body as a whole split the cone like a 
wedge, but the material released bored, melted and 
scoured channels for itself along the crack in di¬ 
rections of least resistance under gas pressures and 
temperatures which may be likened to artillery, 
and under resistance the like of which is unknown 
to human construction—the weight of the two 
halves of a high mountain. 
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The deep erosion gulches and the distribution of 
old lava-flows on the cone determined the direction 
of easiest splitting, and after the first release of 
the expanding gas-foam, two inclined channels on 
opposite sides of the mountain offered less resist¬ 
ance than one central one. Acccording to the usual 
habit of volcanoes the lava wedge from below split 
its way from center outward, making craterlets of 
ejection and accumulation along radial paths west¬ 
ward and eastward, the lava changing with loss of 
gas-pressure and temperature from dust to pumice, 
pumice to bombs, bombs to liquid and liquid to 
slow viscous, semi-solid and finally rock. This 
summary applies to what happened at Sakurajima 
in the course of months after the first outbreak. 

The great event happened at 10:05 a.m. January 
12. In the middle of the side of the mountain 
toward Kagoshima the people saw a hard-edged 
balloon-like black cauliflower puff emerge directly 
from the placid valley above Yokoyama, as, though 
a titanic factory chimney had suddenly arisen 
where an hour before were terraced fields of sugar¬ 
cane and radish. People rubbed their eyes. The 
children in the schools ran to the windows to look, 
and then school was dismissed. Some wise photo¬ 
graphers kept their heads and snapped their 
cameras. 

There was no great noise at first, and at this 
time no increase in earth shocks. First the jet 
from this west vent was upward and westward and 
a great pall of black sand and dust shot out later¬ 
ally, Then it straightened up to a vertical column 
and churned, boiled up spirally, and swelled thirty 
thousand feet into the sky, first club-shaped, then 
like a great lily and finally the top bent majestically 
eastward in some upper wind which strewed the 
fine dust over all of central Japan. 

Ten minutes after the western outbreak, mar¬ 
iners to the south saw a similar cauliflower column 
rise above Nabeyama on the east side of the vol¬ 
cano, which gradually increased in height, but was 
dwarfed beneath the towering western jets. With 
some lulls, but with general increase in violence of 
booming explosions followed by air concussions, 
which shook the light screens and windows of Ka¬ 
goshima, the eruption went on all day and all night 
of January 12. 

Lightnings danced through the great dust vol¬ 
utes. The lower portion of the column showed 
vertical lines of upward streaming rocks, bombs, 
sand and vapor, and the outward trajectory of 
large bombs with curved trails of smoke could be 


seen at the sides of the main jet as high as the 
mountain itself (3,500 feet). At night these showed 
as glowing rockets which darkened and disap¬ 
peared after passing the crest of their curved 
course. Sometimes these blocks collided with each 
other. At the base of the column whitish smoke 
puffed out horizontally, making a pedestal effect, 
probably vortical motion from dust stirred up by 
falling stones. 

In an essay of the Kagoshima English class, a 
high-school boy described what he had seen as 
follows: “Monster rocks went horizontally from 
the down to the up with smokes on their behind.** 

The Earthquake 

During the first hour, after the outbreak of 10:05 
a.m. the explosion cloud rose to its height and 
spread in the zenith. Ash began to fall in Kago¬ 
shima at 11:10 a.m. and this continued until the 
next evening. The eruption waxed in fury and at 
5:00 p.m. heavy loceilized earthquakes were felt 
near Arimura on the southeast coast of Sakurajima. 
The ofBcers of the Nishiki Maru, training ship of 
the Navigation School, were of opinion that the 
maximum height of ejection was attained between 
5 and 6 p.m. on the 12th. 

A crisis of the eruption was certainly at hand, 
for at 6:29 p.m. a serious earthquake centered at 
the volcano, shook all the neighboring towns, threw 
down weak buildings and the cut stone walls in 
Kagoshima, and wrecked some buildings by dis¬ 
lodging bowlders from cliffs. 

At the waterfront a wave occurred after the earth¬ 
quake, of about 10-feet swing, damaging some small 
boats. Some groups of refugees tramping through 
narrow dirt cuts were trapped in landslips. The 
railway traffic was blocked. About 35 persons were 
killed and 112 wounded. This was the only serious 
damage to life reported in the eruption. Some 21 
persons were missing, unaccounted for in February, 
but this list was steadily being reduced by the lost 
ones turning up. 

The Kagoshima earthquake was recorded on seis¬ 
mographs in Europe, and was stronger in its rec¬ 
ord on the Tokyo instruments than any volcanic 
earthquake which Professor Omori ever recorded. 
It was probably a deep movement on the great 
Luchu rift, the crisis of the Sakurajima eruption 
acting as trigger to release it. There had not been 
much fire seen in the explosion column, excepting 
the lightning, but at the moment of the earthquake 
a sudden glow was seen by Director Katsuno. 
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It may be of interest to correct a statement which 
appeared in the press dispatches to the effect that 
Mr. Katsuno committed suicide. He remained at 
his post throughout the eruption and accumulated 
invaluable records. 

From noon of January 12 to noon of the follow¬ 
ing day the barograph exhibited air concussions 
reaching a maximum at midnight. Messrs. Grant 
and Hoyer, American teachers who remained in 
Kagoshima when nearly everyone else had fled, told 
me that by the 14th their ears were fairly aching 
with the incessant detonations and the everlasting 
rattle of the shoji, paper screen partitions and doors 
of the Japanese houses. In one case the concussion 
was so strong that the shoji fell in with a bang. To 
write and send off correspondence under such con¬ 
ditions was truly writing under fire! No one re¬ 
mained in the the city but the officials and the 
guards. 

This midnight maximum of January 12-13 was 
perhaps the complement of the 5 to 6 p.m. crisis 
just before the earthquake; the evening stress rep¬ 
resenting the climax of straining gas-lava pressure 
before the earth yielded, the midnight culmination 
being the climax of explosivity in the released lava 
column. The midnight crisis was not fiery, but 
was accompanied by the loudest detonations and 
the most terrific concussions of the eruption. The 
fiery glow of the early evening had gradually sub¬ 
sided. 

Progress of the Eruption 

A volcano which had not erupted significantly 
for one hundred and thirty-five years was now re¬ 
peating the history of 1779. The outbreak of Jan¬ 
uary 12 was followed by months of intense activity. 
The east-west line of craters across the volcano per¬ 
haps marked a zone of cracked ground that extend¬ 
ed beyond, over to Yoshino across the channel, 
where Mr. Murdoch’s spring had disappeared, not 
by drying up, but by dropping down, because fis¬ 
sures opened beneath it. The lava of Sakurajima 
rose and overflowed the craters, just as it did in 
1779, but in new places, and poured into the sea. 

More or less activity came from Sakurajima for 
years, the analogy of the eighteenth century hold¬ 
ing, for after 1779 new islands formed and minor 
eruptions took place for twenty years. 

The second day of the eruption, January 13, was 
somewhat quieter in the morning, but at 4:09 p.m. 
there was a startling earthquake and at about thin 
time it became evident that lava flows were pour¬ 


ing from the western vents across the slopes back 
of where Yokoyama and Akamizu had been (now 
buried under bombs and gravel). 

The lava which had first emerged so charged 
with gas that it “went up in smoke,” was now cool¬ 
ing and contracting to a more fluent substance, 
which probably flowed with great rapidity during 
the first few hours. 

It proved to be a hypersthene-hornblende 
andesite, which congealed on the surface in the 
form of a very rough block-lava, with tumbled 
fragments and mushroom-like excrescences. 

Similar lava also poured from the eastern vents, 
and this day inaugurated weeks of lava flow, the 
explosions at the fountain-heads of the flows still 
continuing, hurling bombs of the semi-molten stuff 
skyward. These hardened in the air with “bread- 
crust” surfaces, the outer portions freezing, con¬ 
tracting and cracking over the bulkier and gas- 
charged cores. Explosions took place in the midst 
of flat lava fields near sea level, and the mechanism 
of the self-rending and advancing lava front was 
compounded of explosion and tumbling fragments. 

The presence of incandescent andesite in liquid 
form at the vents was the signal for a superb fiery 
display when darkness came on in the evening of 
January 13. This was the climax of luminosity in 
this eruption and was accompanied by terrible con¬ 
cussions and detonations. 

Mr. Hoyer described it as follows: “From the 
flank crater shot skyrockets of scoria in all direc¬ 
tions. Over the mountain hung a huge black cloud 
of ash in which lightning was zigzagging in long 
white streaks. Suddenly, at about 8:15 p.m., a 
tremendous force sent a fountain of fire over six 
thousand feet into the air. Then this brilliant 
column fell, and from an incredible height tumbled 
like a vast Niagara of fire in wide streams onto the 
island and into the water. 

‘^Smaller fire-holes underneath were spouting 
black clouds and the tumbling fire seemed to strike 
rocky obstructions in these spurts and, like water, 
sent a fiery mist far into the night. Under these 
gigantic falls flowed sparkling cascades of fire 
towards the sea. They were rapids of raining ash 
still red hot as they fell and struck. 

“Lava streams rushed like molten iron into ra¬ 
vines, filling them, solidifying and piling up in 
fields of enormous dimensions, lliis pyrotechnic 
display continued until midnight. When at its 
height the tumbling cone spread fire in the remain¬ 
ing forests and villages. The entire western coast 
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line was in a blaze. Some of the villages were built 
shoe-string fashion along the shore and the fire 
spread rapidly. Flames leaped high and the re¬ 
maining embers glowed like a furnace for hours.” 

The “rapids of raining ash” on this occasion 
were the only phenomena which the writer was 
able to identify with the downrushing blast of 
Mount Pelee which destroyed St. Pierre. As in the 
case of Pelee this set fire to houses—houses which 


had resisted two days of bombardment during the 
great crises of explosion of the afternoon and mid¬ 
night of January 12. 

Confirmation of this analogy I obtained with 
photographic proofs at Hakamagoshi, the village 
which lay under the north side of the peninsula 
tableland that juts out from Sakurajima toward 
Kagoshima. This slope was grown up with good 
sized trees, and differed from Yokoyama and Aka- 
mizu in that it escaped burial under lava, while still 
being in the zone of bombardment. The village 
was almost totally obliterated by bombs and sand 
and gravel, only the stone-work of a few wells and 
fragments of burnt timbers indicating where houses 
had been. 

But the track of fiery avalanche was clearly pre¬ 
served by the trees, which were thrown down in 
lines with their tops away from the mountain, their 
branches shredded and clipped as though by flying 
bullets, and on stumps still standing could be seen 
the scars, on the bark towards the volcano, of hori¬ 
zontally flying stones which had punctured and 
scored it. Frequently the wood-fibre was shredded 
into brushes of splinter. All of these marks of the 
outnishing blast were seen also at Taal, and at 
Martinique and St. Vincent in 1902. In addition 
at Hakamagoshi the course of the volcanic tornado 
was marked by trees on the high north cliff still 
standing, in partial shelter, while below them along 
the strand all were levelled with butts toward the 
crater. 

At this time the Nishiki Maru was near the Kago¬ 
shima water-front, and I closely questioned the 
officers as to whether at any time they felt any 
blast downward and westward from the volcano, 
either as wind or wave. They replied that they 
felt nothing, it did not reach the three miles from 
crater to Kagoshima, but they distinctly saw Haka- 
magoehi take fire and bum Tuesday evening, Janu¬ 
ary 13 about 8:00 p.m. 

Therefore it may be concluded that the fiery 
crisis of that evening was the moment of supreme 
danger for Kagoshima, and that a small Pelean 


blast rushed down the western slope of Sakurajima 
and devastated the shore villages, but had not force 
enough to reach the city. 

Probably there was a similar blast on the east 
side, but its track, if such existed, is obliterated by 
lava flows. If the entire eruption had concentrated 
about a west crater, Kagoshima might have been 
destroyed. Its situation was such that a westward 
blast of the same force as those which repeatedly 
were discharged by Pelee would certainly have de¬ 
stroyed it. The fact that it was almost totally de¬ 
serted by its inhabitants January 13th was hence 
justified. 

January 14 and thereafter the eruption quieted 
gradually. Immense patches of pumice floated on 
the bay, brown and white roundish fragments one 
to four inches in diameter, at first in such masses 
as to impede boats. The lava on both sides of the 
volcano continued in motion for weeks and months, 
pushing out promontories and submerged tongues 
into the sea, and there were earthquakes, detona¬ 
tions and ashfall at Kagoshima, gradually de¬ 
creasing but with strong revivals from time to time. 
The wind was fortunately from the westward most¬ 
ly so that the heavy ash-fall accumulated deepest 
in the sparsely inhabited Osumi country to the 
east, just as it had done in 1779. 

Another happy outcome for Kagoshima was the 
cessation of explosive activity in the west craters 
from January 20, though the lava continued to 
flow under its crust throughout February and 
longer. Explosions from the east craters continued 
into the summer. 

The west lava came mostly from a hollow back 
of a hill above the site of the village Koike. This 
crater opened first, the fissure extending downward 
and westward and forming at least two other 
mouths in that line. A later opening formed an 
explosion crater back of a hill high on the moun¬ 
tain flank above Nojiri. The lava poured down 
the open valley between these two hills and spread 
leaf-like into four lobes, one cascading over a steep 
bank towards Nojiri, two diverging in the sea 
about the island Karasushiraa, which was buried 
between these lobes, and one bending northward 
back of Hakamagoshi hill. 

January 14 and 15 the block-lava front made a 
long straight wall across the bomb-covered plain of 
Yokoyama: January 16 it reached the sea and 
masses of white steam rose fleecily; about January 
20 it reached Karasushima and by the end of the 
month that island was entombed. Akobara, Koike, 
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Yokoyama and Akamizu were first buried under 
fallen ejecta, and then the last two under from 50 
to 150 feet of lava. 

From source to front at sea-level the lava flow 
measured three and one quarter miles, and its 
width varied from two-thirds mile near the source 
to two miles about the region of the former shore¬ 
line. 

The east lava-flow was more voluminous and 
piled up to greater heights. According to investi¬ 
gation by Mr. F. A. Ferret in March, the eastern 
craters are in three pairs in an east-southeast line 
between the southern summit crater of Sakurajima 
and the south margin of the old subsidiary cone 
Nabeyama. 

Each pair represents an explosion hole above 
and a lava outlet below. All three were in action 
in February when I saw them, gaping fissures ex¬ 
ploding like artillery with piles of debris on either 
hand, and an open mouth or valley from the east¬ 
ern one could be seen from the Kurokami heights 
spilling a snake-like stream of glowing lava be¬ 
tween bowldery crusts on either side, flowing ac¬ 
cording to Mr. Ferret 100 feet per hour on the sur¬ 
face and faster below, and farther down the slope 
crusting over and flowing under the crust. 

The eastern lava divided into four lobes, a north¬ 
ern small one which early came to rest in the valley 
east of Nabeyama; one which buried Seto and filled 
the strait moving east; one which extended south 
near the Osumi shore; and one which destroyed 

Arimura and Waki and pushed under the sea to 
Enoshima. 

On the afternoon of February 1 the lava closed 
the strait and began to pile up against the steep 
Osumi shore; twice thereafter the road along the 
shore had to be moved higher as the lava buried 
it. In February the lava was 300 feet deep above 
sea level where had been a channel 200 feet deep; 
probably the height is double that now. 


The stoppage of this channel and the narrowing 
by half, of the Kagoshima channel, immediately 
changed the tide levels; the spring tides which were 
formerly 10% feet at Kagoshima, acquired a range 
of 12 feet; the normal 7-foot tide was now 9 feet 
in February. Soundings off Hakamagoshi of 36 
fathoms giving no anchorage became anchoring 
grounds of 12 to 15 fathoms. 

On February 19 the writer tested with a thermo¬ 
meter the effect of the submarine tongue of lava 
off the Osumi shore as follows: At-the lava front 
where the strait had been closed the water was 
heated to 138° F. Rowing out to the ship (off 
Waki) the thermometer trailed in the water re¬ 
corded temperature steadily lowering to 100° F., 
then as we rowed farther westward in the same di¬ 
rection, it recorded 115, 120, 125, 132, 138, 138, 
138, (over the submerged lava tongue), then 118, 
115, 102, 80 and finally at the ship's side 66 de¬ 
grees F. This tongue of lava was later proved by 
soundings. It was a singular experience to row 
through such hot water with clouds of vapor on all 
sides. A capsizing would have meant death. 

The transfer after January 20 of all the explo¬ 
sions of the volcano to the eastern craters led to 
recrudescence there which reached a high maxi¬ 
mum March 11-12, Cauliflower explosions reached 
10,000 feet in height, the strongest since the first 
days of the outbreak, and brightly incandescent in 
full daylight. The paroxysmal gases blew off al¬ 
most continuously from blow-holes on the flowing 
lava at terrific pressures. 

Ferret was caught near flowing lava which 
masked a crater battery that had the habit, un¬ 
known to him then, of firing once in five hours. 

It exploded through the lava and nearly killed 
him and his attendant. Fortimately very large 
blocks of lava were at hand under which they took 
refuge, and the shower of bombs inflicted only 
minor injuries. 



Sakuraiima Tolcono and two atrents east and west. 
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On May 25 1914, Messrs. J. P. Grant and S. N. 
Latourette visited the east craters from Arimura, 
all three still exploding and the east lava still flow* 
ing. At the front motion of the lava was indicated 
by continuous small gravel slides which sent up 
columns of red dust. The west lava was reported 
practically motionless. The largest of the east 
craters was ejecting immense rocks, one estimated 
to weigh 300 lbs. being shot up at least 400 feet. 

Estimating the intervals between the greater ex¬ 
plosions, a dash was made for the edge, and look¬ 
ing down, these enthusiasts saw “wide crevices ex¬ 
tending across the concave floor through which 
showed the deep red of the incandescent masses 
below.” They neither smelled nor saw sulphur, 
but suspected from the odors hydrochloric and 
hydrocyanic acids and arsenic compounds. 

There was, it should be said, very little sulphur 
diagnosed in the Sakurajima gases and deposits; 
there were some very irritating and irrespirable 
gases without pronounced odor; and others hot, 
respirable and more like atmospheric air or water 
vapor than anything else. Collections of gas in 
vacuum tubes were made by Mr. Perret. 

How the People were cored for 

The remarkable record of life-saving in this 
eruption W£i 3 due to the instinct of the people, the 
wisdom of the governing and scientific authorities, 
and to good luck. All day long on the day of pre¬ 
monitory earthquakes January 11, sampans plied 
across the channels. When the eruption began all 
vessels were pressed into service and army, navy 
and government officials, high-school boys, steam¬ 
ship companies, correspondents and police went on 
rescuing expeditions to the island right under the 
terrifying explosion columns and carried away 
every living soul but one. It is said that an aged 
woman lived right through the eruption in Kuro- 
kami under the east craters. 

The steeper roofed thatch houses shed the ash 
and sand, which was piled to the eaves, but the 
buildings stood. According to the police records 
two persons in their eagerness to escape jumped 
into the sea and were drowned. Some twenty to 
tliirty persons were injured on the island in various 
ways and taken to the hospitals. So far as is 
known the volcano killed no one. 

People camped in the streets, temple grounds 
and graveyards. Along the water-front business 
houses advertUed offers of relief, and schools, 
temples and public buildings accommodated 5,000 


destitutes. People moved in a continuous caravan 
across country. Then came the earthquake, inter¬ 
rupted wires and rails, with tidal wave rumors, and 
consternation reigned. 

The third day January 13 was, to quote Mr. 
Hoyer, “one of general exodus. Seventy thousand 
people escaped. The post and telegraph offices 
moved into tents, fearing another quake would 
demolish their stone quarters.” On the afternoon 
of this day Mr. Hoyer “walked through the de¬ 
serted streets of Kagoshima without meeting more 
than five people in a mile. All shops were nailed 
shut. Kagoshima was literally dead. Soldiers 
took up their quarters on street corners and guards 
walked their beats.” There were no ghouls, no 
looters, officials remained at their posts, but the 
population fled. There was an army detachment 
bound for the Luchu Islands; the general in com¬ 
mand immediately diverted his transports to rescue 
work and took charge of the situation. There was 
little wailing, merely a determined evacuation on 
the part of the people. 

At the outlying towns whither this great multi¬ 
tude of men, women and children migrated, the 
young men*s clubs dominated the situation. Food 
was ready, the police assisted, each company of 
stragglers was met, asked if they had money to 
pay board, if not they were assigned to the hospi¬ 
tality of the relief committee. They lodged in 
public buildings, granaries, schools, farm houses 
and temples. When exorbitant prices were asked, 
and it came to the knowledge of the young men’s 
clubs, the shopkeeper was promptly waited on and 
compelled to be reasonable. 

Professor Sasamoto and other teachers in the 
higher schools of Kagoshima knew Pelee and 
other volcanoes, and knew Sakurajima, and their 
views were made public. Steadfastly the records 
of earthquakes and atmospheric changes were 
kept at the Observatory on the heights, the seismo- 
logical work being coordinate with that controlled 
by the Earthquake Investigation Committee of the 
government of which Professor Omori was the 
head. 

On January 14 Dr. Omori went to Kagoshima 
and to Sakurajima and within a few days an of¬ 
ficial bulletin was posted in public places stating 
his opinion that the worst was over, that opinion 
being based on experience with other Japanese 
volcanoes and earthquakes. He established at Fur- 
usato on Sakurajima an assistant equipped with a 
seismograph, and replaced the broken instrument 
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Figure 17. Depression Oval of Sakurajima in 1914 

eruption, after Williams. 


at the Kagoshima Observatory with a better one. 

On the 14th the worst of the violent concussions 
was over and slowly the population straggled back 
into the city and shops and hotels were opened. 
Railway connections were broken for one day only 
and the telegraph for several days. 

After about a week the effect of Omori’s procla¬ 
mation was to restore general confidence, rees¬ 
tablish the main business centre, and cheerfully 
the masons were set to work repairing walls and 
the earthquake wrecks were cleaned and rebuilt. 
“Shikata ga nai*’ (it can't be helped) is unan¬ 
swerable Japanese philosophy which has not chang¬ 
ed from 1779 to the present day. 

Relief funds poured in from all over the world 
and the government authorities promptly took an 
inventory of damage and of immediate needs. With¬ 
in the death zone of the volcano at least 15,000 peo¬ 
ple had dwelt. Seven villages out of 18 on the 
island were destroyed, leaving eleven recoverable. 
No one was killed by the volcano, 15 lives were 
lost by earthquake ruin in Kagoshima, and twenty 
others elsewhere. Probably 95,000 people moved 
including the population of Kagoshima and those 
in Osumi province where the ash-fall drove them 
away; this ash varied in depth from 70 inches to 


a thin film in 30 miles. It fell in Osaka, 350 miles 
northeast on the second day (13th) and in Tokyo 
580 miles northeast on the third day (14th). Over 
4,000 acres of lava poured out in the first two 
months. 

Two thousand, one hundred and forty-eight 
buildings were burned, four hundred collapsed. 
The damage in agricultural land, forest, buildings, 
roads, animals, personal property and marine prod¬ 
ucts was estimated at $19,000,000.00. The num¬ 
ber of people transferred to new homes with the 
relief funds was 23,096. In February 18,446 were 
being cared for. Schools were destroyed to the 
value of $18,000.00, and 4,000 scholars were sup¬ 
plied free text-books and stationery after the dis¬ 
aster. It was estimated that $500,000.00 would be 
required to remove ash and pumice from devastated 
districts still habitable. It was decided that the 
non-volcanic island Tanegashima on the east side 
of the north end of the Luchu Islands would be a 
suitable place for the rehabilitation of the Saku¬ 
rajima fugitives, and the foreign relief money pur¬ 
chased for these people permanent homes. 

Other Contemporaneous Eruptions 

In view of the progress through Japan since the 
Tarumai eruption of 1909 of a series of outbreaks 
from northeast to southwest, it is of interest to ob¬ 
serve how the Luchu rift seems to have split open 
southward from month to month in 1914. Kiris- 
hima at the north end erupted violently in Novem¬ 
ber and December of 1913: I found an immense 
breadcrust bomb on the edge of the active crater 
ten feet in diameter, thrown out in the November 
explosion. Sakurajima next south broke out in 
January. Iwojima farther south, at the north end 
of the Luchus, erupted in February and the natives 
had to be succored. In March we learned of an 
outbreak on Suwanose in the middle of the Luchu 
chain still farther south. Another interesting out¬ 
break on January 23, 1914 formed a new island 
three quarters of a mile long and 600 feet high m 
the Bonin Islands south of the Fujiyama-Oshima 
line of vents in central Japan, showing there too a 
southward moving tendency in the succession of 
volcanic outpourings. 












CHAPTER Xn 

Russia’s Far East Has Bad Volcanoes and Big Bears 


In September, 1929, a great eruption of Gorely 
Volcano began, a peak 1,830 meters high lying 
85 kilometers southwest from Petropaulovsk. The 
eruption reached its maximum December 30-Jan¬ 
uary 2, and ended in March, 1930, lasting nearly 
seven months. Gorely, like most of the Kamchatka 
volcanoes or “sopka” as they are called there, is 
in uninhabited country. The result of this eruption 
was that a large area of southern Kamchatka was 
covered with ash. This is not to be confused with 
Gareloi of the Aleutian Islands. 

Kluchevskaya Volcano, the Etna of Kamchatka, 
was in a severely active condition throughout the 
whole of 1929. There were, however, no con¬ 
siderable earthquakes at Petropaulovsk. There are 
18 active volcanoes on the peninsula and one m 
eastern Kamchatka. In the beginning of 1930 the 
massive northerly volcano Shiveluch, 3,291 meters 
high, began to throw up clouds of ash and lapiUi. 
It U not known whether there were lava flows. 

The Academy of Sciences of U. S. S. R. proposes 
to establish two volcano observatories in Kamchat¬ 
ka, one near Avachinsky Volcano, the other near 
Kluchevskaya. The Geological Committee of the 
Union in 1930 informed the Kamchatka ScienUfic 
Society that a volcanological expedition wm 1«- 
ing sent to Kamchatka under Professor A. N. 
Zavaritsky for exploring Avachinsky Volc^o (ele- 
vation 2,720 M.) and Koriatsky (3,462 W, both 
these cones being near Petropaulovsk. This ex- 
pedition was to work for two years, the second 
volcano expedition sent to Kamchatka, as the first 


one under Conradi and Kehll worked there in 
1908-10. 

The active volcanoes of Kamchatka extend NNE- 
SSW along the eastern side of the peninsula, and 
near the middle of the belt is Kluchevskaya in the 
midst of a mighty group of volcanoes, rising to a 
height of 4,861 meters. About 60 km. to the south 
lies Tolbachinsky Volcano. Petropaulovsk, the 
capital, with a population of something over a 
thousand people, is on the north side of a bay in 
the southeastern part of the country, and across 
the bay from it to the southwest the southern end 
of Kamchatka is occupied by a belt of great vol¬ 
canoes, and this is prolonged farther south in the 
arc of the Kurile Islands. The arrangement is 
like Alaska-Aleutians or Japan-Luchu. Several of 
these big cones are in full view from Petropaulovsk, 
the most conspicuous being the pure cone of Vilut- 
chinsky Volcano shown in the photographs. The 
steam from Mutnovsky shown in Plate 19 is about 
66 km. from Petropaulovsk, where the picture was 

taken. 

The following is an account by Bergman of his 
visit to Mutnovsky Volcano: “On this day we 
reached an elevation of a thousand meters on the 
volcano which is here surrounded by a lava pla¬ 
teau which extends as a shoulder around the great¬ 
er part of the volcanic mass. Here we were at 
the upper limit of vegetation, where the last scrubby 
alder thickets gave out. The crater of Mutnovsky 
lay on the other side of the cone, and we had now 
to follow this shoulder around the mounUin. 
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Figure 18* Mop ol the Volcanoee el Kamdiotko. 
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^‘Toward evening a mischance that we had most 
feared occurred: the weather which during the 
day had been misty, closed in dense and it began 
to rain. Impenetrable clouds veiled the entire 
mountain. We were in a waste of lava, where 
there was not a stick of wood, and where it would 
not do to be overtaken by night. So we climbed 
down through rain and fog to the upper limit of 
the bushes and found after a long search a small 
thicket where we succeeded in pitching our tent, 
and after much labor ignited a fire. Since, however, 
our silk portable tent was not adapted for plateau 
rains, particularly where there was no opportunity 
to draw the surfaces tight, we were soon as wet as 
though we had been immersed in a lake with our 
clothes on. In order to give the drops of rain as 
little chance to accumulate as possible, we sat 
huddled together surrounded by our sleeping bags 
and rain coats throughout the entire night, and 
had abundant time to repent us of our sins. I 
thought of my warm bed at home in Sweden, and 
during the long hours of this sleepless night had 
opportunity to appreciate how little we realize our 
blessings. 

“Not until morning did the rain cease, but the 
fog still hung over the mountain, though not so 
low as on the preceding day. We saw nothing of 
the volcano, but the plateau shoulder of lava was 
free from cloud. We were about an hour getting 
a fire to going so that with its help and numerous 
cups of tea we acquired some warmth inside and 
out. We were not afraid of catching cold for we 
had long since proved that we were quite i mm u n e 
to such disease in that hne air free from bacteria. 
If it were not so it seems probable we would never 
have gone home to Sweden. 

“After ridding ourselves of our wet clothes and 
donning from the pack-sacks some relatively dry 
ones, we were ready for the march. The weather 
cleared and a fresh breeze sprang up so that after 
some hours our outer clothing became perfectly 

dry. 

“We had not proceeded far before the first bear 
appeared and I attempted to photograph him. He 
headed straight for us. Taking advantage of the 
unevennesses of the ground and crouching down, 
I succeeded in getting within 20 meters of him 
and made an exposure with my camera in one hand 
and the rifle in the other. As soon as I snapped the 
shutter the bear saw me and made off. Above the 
bushes the snow-buntings appeared, fluttering about 
and showing up sharply and beautifully in con¬ 


trast to the black lava. We gave the day to studies 
of birds and enlarged our acquaintance with them 
as compared with those of another volcano pre¬ 
viously visited. The birds of the t^vo volcanoes 
were strikingly alike. 

“Just as on the previous evening we pitched our 
tent in the uppermost alder bushes, but we had 
made good headway toward the crater after this 
day of trudging across the treacherous lava waste. 
On the following morning it was still cloudy, but 
the volcano was clear. We could have no question 
about the position of the crater, whence rose a 
frightful column of smoke. We headed for the 
crater at once, which was about 500 meters above 
our camp ground and 3 to 4 km. away. The sun 
came out during our climb and showed us a com¬ 
pletely new and magnificent landscape, which had 
been hidden from us during the day of fog and 
rain. 

“The nearer we came to the crater the more 
noticeable was the smell of sulphur, so that finally 
breathing was difficult, and made us all cough, in¬ 
cluding our little dog Kuma. In places fume came 
out of cracks in the ground which was so porous 
that it seemed as though we might break through 
and burrow underground like a sand crab. The 
extraordinary colors of the ground varied from 
sulphur yellow to deep red. At last we stood on the 
rim of the gigantic crater, the smoke of which we 
had so often seen from the window of our house 
in Petropaulovsk. The crater is not quite at the 
summit of the volcano, so that we could climb still 
farther and from above look down obliquely at the 
colossal spectacle; a frightful cauldron of boiling 
vapor. From this lava pinnacle we were able to 
see still more: adjacent to the smoking crater 
there was a still larger abyss where far below we 
saw a glacier and a small waterfall. These were 
several hundred meters down, and the cliff above 
them was almost vertical. Then the fog closed in 
on us and it was with great difficulty that we made 
our way back to the .vegetation line.” All of this 
is like Pavlof in Alaska, with its glacier jumble. 

Mr. Eric Hulten, botanist for the expedition, on 
another trip, after waiting for many days for 
clouds and rain to cease, succeeded in reaching the 
crater with his party and in getting a better view of 
Mutnovsky and its outlook. The smoking crater 
lies on the west rim of a large cauldron, and the 
party followed a small ridge on which stands a 
number of knobs. From the highest of these the 
clouds were seen rolling in from the sea, and the 
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volcanoes ^vere beginning to don their cloud caps. 

“It ^vas a wild and wonderful panorama. Not 
less than 14 big volcanoes were in sight, from 
Schupanowa, ten miles north from Petropaulovsk, 
dow'n to Kambolnaja, the southernmost volcano of 
Kamchatka. For a time the smoke of the crater 
blew directly over us, and a fine dust rain fell con¬ 
sisting of milky drops, which made small white 
spots on our clothing, presumably sulphur. 

“As the wind veered and the smoke went in an¬ 
other direction we obtained a view that I shall 
never forget. It was as though we were permitted 
a glimpse of the workshop of the gods, where gi¬ 
gantic forces are at work such as began millions 
and millions of years ago when the first strokes of 
creation fashioned the earth. White jets of steam 
shot whistling and blustering out from holes in the 
cliff, hot water ran down from the walls and melted 
its way through a glacier whose sharp-edged broken 
green and crevassed blocks of ice were heaped to¬ 
gether in a jumble at the mouth of a huge canyon 
that led away from this hell cauldron. In the 
midst of the ice two mighty steam jets arose, and 
through the crooked tunnels that had been melted 
out of the ice one could see the bedrock of the 
mountain. Higher up the cauldron wall, where its 
edge stood several hundred meters above the gla¬ 
cier, the younger crater belched its smoke upward, 
as though a thousand locomotives were clustered 
together opening their safety valves—and yet we 
knew that this was but a weak imitation of what 
Mutnovsky once was. 

“And how describe the cliffs themselves? They 
had not the common gray color of a mountain, but 
were painted over in fantastic shades. We sat on 
a minor cliff of bright colors which gave place be¬ 
low to a terra cotta precipice, and showed on the 
right a row of sharp pointed gray-blue pyramids 
which stood on an underpinning of white spotted 
with baked dark carmine and indigo blue points. 
Beyond, the wall of the kettle was bright blue with 


big yellow areas of pure sulphur, which were bor» 
dered with green and orange rings. All of this, 
along with the gray-white rifted snow covering of 
the glacier, on which diamond shaped small black 
pyramids w'ere strewn, and also the sharp green- 
blue ice pinnacles, left us with a memory never to 
be forgotten. Bornachoff, one of our companions, 
who had never known fear, became suddenly very 
anxious and careful, and it was with difficulty that 
I persuaded him to follow us down the yellow-white 
cliffs of the gorge. Possibly there awakened in 
him a trace of the terror his ancestors felt for the 
‘smoking mountains’ that one dared not approach 
too near, lest the ‘Gamuli,’ the mountain spirits, 
might be cooking their whales, which nighttimes 
they go do>vn and fetch up out of the sea, one on 
each finger, and flying bear them home. 

“The stream pouring out below was buried under 
snow and ice blocks, and we reached the tunnels 
and got under the upright walls which lead down 
into the crater, out of the rifts of which small and 
furious jets of steam escape. There rose a thin 
knife-edged slice of rock out of the ice, from the 
walls and base of. which hundreds of steam jets 
shot up. Warm water ran down carrying red- 
brown mud, and a grayish-yellow brook broke its 
way through the ice, the melted green walls of 
which could be seen transparent behind the vapor. 
The jets of steam so hissed and roared that it was 
necessary to shout in order to be heard. In such 
an environment one may believe anything, and 
none of us would have been astonished to look up 
and see an ancient mountain spirit of the Kamcha- 
dals sitting astride one of these cliffs holding out a 
whale on a spit wherewith to cook it in a steam jet. 

“This devil’s canyon under the glacier was near 
the summit. The veil of smoke hid whatever the 
crater might conceal in its depths, but there was no 
lava lake nor incandescence, but rather numerous 
holes some hundreds of decimeters across as 
sources of jets of steam.” 
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logical Survey and Weather Bureau, the great Museums and Laboratories and Science 
Institutes and Societies. More than all he thanks the packers and sailors and me¬ 
chanics and all those unnamed individuals who read this and remember, and are 

remembered. 




MA.UNA LOA SUMMIT LAVA FOUNTAINS—1940 
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(In connecting captions with 
illustrations, consider the il¬ 
lustrations as reading irom 
left to right across the page.) 
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KILAUEA LAND SUBSIDENCE 1924 AND LAVA FORMS 

(a) Pahochoe lava "push-up." Scale shown is 12 inch rule, (b) Worm stalachl 
of a cavern, formed by gas melting the lava when the cavern was incandescent 
lendome or lava swelling in pahoehoe on floor of Kilauea crater, (d) Tensior 
pipe across field near Kapoho. pulled to a straighter line from the old curve, 
the country stretched by underground lava tilling, (e) Big crack that opened i 
at the east point of Hawaii in April 1924 along the rift belt leading from Halema 

is 30 miles from Kilauea and was the breakdown of the nft 

to steamblast eruption, (f) Railroad track near Kapoho disloca 
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UPS AND DOWNS OF KILAUEA LAVA LAKFZS 
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FEATURES OF KILAUEA STEAM-BLASTS 


(a) Kilauea floor adjacent to Halemaumau showing 
clouds of avalanche dust when the first stones of the 
steamblast eruption began to fall, (b) Soft cauliflower 
clouds rising from Halemaumau during steamblast 
eruption of May 1924 with figure in the center like a 
crouching ape. (c) Deposit of fine ash on the Kilauea 
floor southwest of Halemaumau. left by the steamblast 


eruption of the preceding month, (d) Pure white steam 
cloud condensed above Halemaumau along with at¬ 
mospheric moisture, in the interval between explo¬ 
sions of the steamblast eruption, (e) July 22, 1924. 
liquid lava rose through the debris of the explosive 
eruption 1300 feet below the rim of the pit. The photo¬ 
graph is looking down from Halemaumau rim. 




























(c) Lava sources oi 1919 
eruption of Mauna Loa. 
southwest rift at about 
6000 feet above sea 
level. The nearer cone 
along the rift has foun¬ 
tains of molten lava 400 
feet high giving vent to 
the Alika lava flow 
through a horseshoe 
opening and the flood is 
sweeping to the right. 
Same fountains as 8 b. 

(d) Alika lava flow of 
1919 at road crossing in 
South Kona. Golden 
liquid torrent with stand¬ 
ing waves carrying oc¬ 
casional rafts of semi- 
solidified lava, speed 
about eleven miles per 
hour. Stream is within 
a semi-solid field of aa 
lava that moves more 
slowly. 

(e) Front of aa lava 
flow of 1926 in guava, 
while crossing the same 
road in a few seconds 
as a tumbling mass red 
hot within. Photo by per¬ 
mission Tai Sing Loo. 


jAVA-FLOW DISASTER FROM 
fAUNA LOA 


i) Front of lava flow bearing 
3wn on Hoopuloa village. South 
ona 1926 before if was over¬ 
helmed. 


)) Close up instantaneous photo- 
raph by Jaggar of gigantic lava 
fs 20n feet high, bright orange 
1 daylight, the falling material 
dding basaltic pumice to rim 


cone. 
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MAUNA LOA DESTRUCTION 192S AND BOMBING 1935 


(a) Houses oi Hoopuloo village, one o{ them burning, as the 
lava flow crept through at 5:15 a.m. April 16, 1926. Photos 
by permission Tai Sing Loo. (b) Bomb that did not explode 
sticking in roof oi lava cavern, Mauna Loa source stream oi 
1935. (c) Aa lava flow of 1926 reaching the sea at Hoopuloo 
bay. South Eona, making heavy clouds of steam blackened 
with exploding lava fragments, (d) North slope of Mauna 
Loa, air bombing of lava stream, showing bomb hitting a 
short distance below flow orifice at about 9000 feet elevation. 
3:10 p.m. December 27, 1935. (Permission U.S.A.C.) 


-« hi 




« 




V. 




>, / 










w •. .^x 


'XT. 




^ «• 






*• V* 








. V ' 






.••cy 




^ I ♦ • * 


JK 


. 'C‘ 


.. <• 


.V 


vv 








jgr 


7.^: 




eh # 


1*^ J 




K -e? 


- . 


K.r 




> • 


PLATE 









V 


7 f 


\ • 


<• 


I 












• ^ 






y 








r:' 


S»4 




PLATE 


10 








^ .• 




I^r^v:-- 




••■ <, 


i.-s.yr,?'. 










r -» 


c't; 


V 






ri-i5’ 




4 .. 


• -* >. 




@sar« 








•; A* 








>r. 










f »>' 


V 






•• •?. 


•V. VA'.*. 




4^*. 








isT. w^ri-S;.. ^...^ 


••A 


Ji 




^ ■ '• - :3^«i>- 

T:#-! 


'.V.* 




vv. 




4' 


V. 


>: 




4 » * > « 


CRATER LAKE AND PEOPLE OF TONGA 


(a) Tree mould ol coconut surrounded by lava showing imprint oi the bark, (b) Group of 
swimmers on Niuafoou with poles of fau wood as floats for swimming out to steamers. 
Outgoing mail was lashed to a stick held upright and kept dry. (c) The crater lake of 
Niuafoou with large sand dunes in foreground and cliff 800 feet high in distance, the highest 
point on the island, (d) Group of forest natives in coconut jungle of southern Niuafoou. 


(e) Trunk of coconut tree surrounded bv rift lava Niuafoou, 1929. 













VOLCANO ACTIVITIES OF TIN CAN ISLAND 

(a) Line oi erupting cones in 1912 along north-south 
crack between crater lake and the sea. Photograph taken 
from the rim ridge. 

(b) Village policeman of Angaha in 1930 showing large 
sealed biscuit tins then used by swimmers to transport 
mail ashore. 

(c) Texture of oa lava of Niuafoou 1929 at Futu on the 
sea front. 

(d) Rift line of spatter cones 1929 on the northwest side 
of Niuafoou. with pahoehoe source flows. 

(e) Poirs of coconut tree casts standing in relief where 
the basaltic lava flood has receded from a higher level. 
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WAIMANGU GEYSER AND FALCON 
ISLAND 

(a) Waimangu geyser of New Zealand 
exploding in 1903 and throwing up ash 
along with hot water and steam. This 
gigantic geyser was the remnant of 
Rotomahana crater activity. left from 
the steamblast eruption of Tarawera 
rift in 1866. (b) Boiling mud pots of 

sinter Rotorua district. 


(c) Ruin of Waimangu guest house plastered with 
geyser mud from a destructive and truly volcanic erup* 
tion of Waimangu geyser in 1917. Lives were lost in 
the building, (d) Waimangu guest house maintained 
for travellers, before disaster, (e) Falcon Island vol¬ 
cano in the Tonga group after it had built a horseshoe¬ 
shaped ridge, with the opening of the horseshoe toward 
the photographer. 




















VOLCANIC VENTS OF NEW ZEALAND 

the Bay of Plenty, Northern New ^^P^jHPPtg^. 

(b) Large bowlder which BP^v3?iP^,^ 

11 of White Island during 1914 eruption, (c) ;,’' 'f 

most active of the New Zealand "PZ'-r, 

scene of steam and 
avalanches and deposits of sulphur. The 

the shore away from the 

Destructive eruptions have occurred, notably in September 1914, when the sulph 
workers were killed, (e) Geyser terraces of Rotorua. New Zealand, with deposits of siliceo 
sinter. 


(a) White Island volcano 
Zealand, locality of a sulphur mine 
fell from croter waL. 

Ngauruhoe volcano in 1914 
volcanoes, (d) Crater of White Island 

water eruptions, i_-- - 

sulphur works are established on 
crater. 

















PLATE X 


TARAWERA- 
ROTOMAHANA RIFT 
NEW ZEALAND 


(a) Modern photograph of 
crater chasm of Tarawera 
and its extensions down to 
the lake shore. The whole 
country is covered with rill 
gulches carved in the ash 
of 1886. (b) Some of the 

active crater pits of the 
Tarawera eruption 1886. 
(An old photograph). 


(c) The Rotomahana rift 
chasm extended into the 
gash of distant Tarawera 
volcano. This shows the 
lake greatly enlarged after 
the eruption and the en¬ 
ormous collapse that en¬ 
gulfed the Pink and White 
Terraces, (d) Rill Pattern 
eruption of April 1917. 
Waimangu. 
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FOSSIL EGG OF MISSIONER RATHER THAN DINOSAUR 

(a) A missionory's home at Wairoa. location 95. Fig. 7. showing relics dug up out of the 
Tarawera ash by his son twenty-Hve years alter the eruption. The minister had gone to 
Tauranga on a preaching mission taking his family with him, the son then a baby in arms, 
and so they escaped the disaster. Note the fossil egg. (b) A mummified cat found at 
Woiroa in 1901 buried in Tarawera ash. 






A DECADE OF VOLCANO CONSTRUCTING. KRAKATOA 








* , 


(a) The built-up horseshoe island of Anak Krc:kalau with inner 
lagoon as its crater. October 1937 after ten years of construc¬ 
tion. (b) Explosions of Anak Krokatcu through the sea at be¬ 
ginning of new eruptive period December 1927. showing Rakata 
remnant of 1883 in background. These photographs of Dr. Stehn 
are negatives treated as moonlight scenes, (c) Minor vapor 
jets and explosions of Anak Krakatau about lanucry 1929. (d) 

Contour map of Anak Krakatau December 21. 1937. made by 
Volcanological Survey of Java. Marginal scale meters. 


AN HOUR OF VOLCANO GAS 
OUTBREAK, MAUNA LOA 

(a) First gush 7:47 a.m. May 19, 
• 1916. of an outbreak of Mauna 
Loa olong its southwest rift as 
seen from Observatory. Shows 
west wall of Kilauea crater and 
Mauna Loa profile, (b) Same at 
8:00 a.m. with development of 
mushroom cloud and atmospheric 
condensation above. (c) Same 
8:30 a.m. with spreading out and 
contraction of jets to two orifices 
about two miles apart. This has 
been known as the "Ballet Girl" 
picture, (d) Same 8:45 a.m. show¬ 
ing decline of the upper vent. 
This preceded development of 
lava flows from lower vents dur¬ 
ing the next few days, (e) Same 
9:05 a.m. showing general diffu¬ 
sion to milky-blue fume and only 
one vent, the lower of the two. 
Photo. H. O. Wood. 
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EXPLOSIONS AND LAVA FLOWS SAKURAJIMA 1914 

(a) The great eruption of Sakurajima about 10:20 a.m. 
January 12, seen from waterfront at Kagoshima. Both 
east and west vents in action, the nearer or west vent 
dominant, height of cloud about 25,000 feet, bowlders 
flung sideways from base of column. Wind carried the 
upper volutes away from the city. Rain clouds condens¬ 
ing in the arch. 


(b) Kagoshima and Sakurajima 
os seen looking eost January 14 
just as western lava flow reoched 
the sea. 

(c) Same view a few hours later 
when lava flow has reached 
Hakamagoshi hill and buried 
Karasu island, making vast clouds 
of steam from boiling salt water. 

(d) A small explosion funnel on 
the bottom of upper western ex¬ 
plosion crater of Sakurajima. 
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RESULTS OF SAKURAHMA ERUPTION 1914 

(a) Building wrecked by stone falling from cliff 
above, dislodged by earthquake of 6:29 p.m. Jan¬ 
uary 12. 1914, the day of Sakurajima eruption. Lo¬ 
cation on shore north of Kagoshima, (b) Western 
lava flow of Sakurajima advancing January 14. 
showing fume columns from several vents. (c) 
School house buried under ash at Eurokami show¬ 
ing rill markings. 
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RUSSIAN VOLCANOES AND 
ALASKAN BEAR HUNT 



mm 




(a) Some Kamchatkan volcanoes, 
with Vilutchinski cone conspicuous 
in the middle. Gorely smoking in the 
background and Mutnovsky incon¬ 
spicuous on the left. 

(b) Gorely volcano smoking during 
its eruption January 1. 1931. behind 
the range wherein Vilutchinski is 
conspicuous. 


(c) Eamchatko and Alaska both have 
big brown bears. This shows slope of 
Dana volcano near Pavlof bay and the 
bear hunt described in Chapter IS. with 
track of wounded bear in snow. 

(d) The old male bear in his hole in 
the snow May 31. 1928. with Jaggor 
and John Gardner. 







TECHNOLOGY EXPEDITION TO 
BOGOSLOF 1907 

(a) McCulloch, Metcolf and Grewingk 
peaks of Bogoslof 1907. 

(b) The Technology Expedition of 1907 
on Unalaska; Jaggar leader, Gummere 
astronomer. Van Dyke physician and 
botanist, Eakle mineralogist. Sweeny 
and Myers student assistants. 

(c) Inner lava dome of Bogoslof Au¬ 
gust 7, 1907. showing the spine of Met¬ 
calf cone on the left, the warm lagoon 
and its vapor, and the split bulbous 
protuberances of the swelling McCul¬ 
loch Peak in thp center of the lagoon. 




(d) Metcalf Cone of Bogoslof 
August 1907. which had been 
split in two during the growth 
of McCulloch Peak on the right. 
Shows the central pencil of 
molten lava which had grown 
as a spine through the cone. 

(e) Part of the immense herd 
of old and young sealions al¬ 
ways found on the beaches of 
Bogoslof. as photographed by 
Father Hubbard in 1932. 
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VOLCANOLOGY STRUGGLES 
WITH JEEPS AND DUCKS 

(a) Hawaiian Volcano Ob* 
servatory crosscountry car 
climbing Mauna Loa. 

(b) Amphibian truck with 
chain drive, paddle wheels 
and Ford engine entering the 
sea on Hilo beach 1927. This 
was the predecessor oi steel 
amphibian of the Pavlof ex¬ 
pedition. 

(c) The "Honukai" crossing a 
lake near Bellingham. Wash¬ 
ington. 

(d) The same car as (a) haul¬ 
ing water for drill rig on lava 
floor of Kilauea crater. July 21. 
1922. 

(e) Ford model T with six 
wheels, low gears and stripped 
for crosscountry travel. Hawai¬ 
ian Volcano Observatory. 
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va; bummit crater of Eanaga cone, locking 
down vertically. Taken through an opening 
in Bering Sea fog. (Airplane photographs 
by permission U.S.A.C.) (b) Pavlof volcano 

and Pavlof Sister. July 10. 1928. at Jackson 
Lagoon, head of Pavlof bay. with '‘Honukai'' 

Amphibian boat "Honu- 
kai after crossing tide flat of Pavlof region 
1928. (d) Shishaldin volcano 1932 making a 

cloud from its summit crater. 
(Photo Finch.) fe) Ertn nrrrr rvryf^ 























(a) Devastation of the blast from Las¬ 
sen eruption of May 22. 1915, photo¬ 
graphed in August of that year, (b) 
Small pool in Lassen crater 1926. (c) 

Lava tunnel near Hat Creek, Lassen 
Volcanic National Park. (d) Crater 
Lake. Oregon, photographed by Baker, 
(e) Lassen Volcano and Manzanita 
Lake in 1924. The overflow of 1915 is 
the streak of rough lava to the right 
of the summit. (f) Artificial geyser 
through bore hole at Calistoga. Calif. 


/Hf, 

















FROM SANTA MARIA VOLCANO TO 
IRAZU 


(a) Active crater of Irazu. Costa Rica, 
in 1940, in contrast to (c) above that 
shows the dormant condition of 1910. 
Photograph by Professor H. E. Stork, 
reproduced by permission. (b) Mud 
and wattle house of Costa Rica, with 
heavy tile roof. lurched sideways by horizon¬ 
tal Jerk of the ground in Cartago earthquake, 
(c) Crater of Irazu volcano, Costa Rica, show¬ 
ing small orifices within larger bowl. At the 
foot of this volcano occurred the terrible 
Cartago earthquake of 1910. (d) Inner lava 

dome with central spine or pencil during ac¬ 
tive rising in Santa Maria crater. Guatemala. 
November 16. 1924. (e) Crater of Poas Vol¬ 

cano. Costa Rica, with bubbling inner lake 
about 1910. (f) The coastal plain of Guatemala 
backed by volcanic cracks. 



















PACIFIC SCIENCE IN HAWAII 1920 

First Pan-Pacitic Scientilic Conference. Honolulu. August 3. 1920. Davis. Bowie. 
Vaughan. Wissler. Kishinouye. Moore. Yamasaki. Moritzen. Baker. Shibata, 
Emerson. Omori. Jaggar, Daingerheld. Weinrich. Wells. Swezey. McEwen! 
Frazer. McComb. Salford. Fhia Tan. Wilder. Galt. Edmondson. Skottsberg. Frye. 
Ehrhorn. Muir. Gregory. Miller. Washington. Judd. Fowke. Donagho Dean. 
Littlehales. Romberg. Chilton. Forbes. Bryan. Eraebel. Caum. Watkins. Westgate! 


The author 
in his office 
at the 
Volcano 
Observatory 
about 1940. 
Photograph 
by Professor 
Carl Andrews. 
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PLATE 27 



1917 JANUARY 




MARCH 2 


A HALF-YEAR OF 
KILAUEA CHANGES 

Four stages in plan and eleva¬ 
tion of Halemaumau pit Jan¬ 
uary to August 1917, showing 
lova lakes and their changing 
lorms omid swellings and 
shrinkings of the lava column. 
The lakes are hot foam pour¬ 
ing convectionally from west 
to east across a hardened oc- 
cumulation of their own sub¬ 
stance. The first two sections 
ore through source wells and 
sinkholes. Diameter entire 
saucer east-west 1200 feet. 
Note pentagonal tendency like 
craters on the moon. 


MAY 28 



AUGUST 3 
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Eruption of Calbuco Volcano. Chile, on January S, 1929. look¬ 
ing east. Negative reproduction of photograph by Karl. 


MOON CRATERS 

(a) Theophilua and Cyrillus. Photo by Ritchey with 20- 
inch Yerkes refractor. October 12. 1900. The brilliant 
crater Theophilus with its terraced wall and central 
craggy peak is 64 miles across, its west rim is 18.000 
feet high above the floor, the floor is hexagonal, the 
peak is 6000 feet high and covers 300 square miles, 
and on a gigantic scale recalls Kilauea's inner pit with 
crag peaks rising above the lava lakes. 

The saucer of Cyrillus next above and to the right 
shows how the deeper engulfment of Theophilus has 
truncated its rim just like paired crater pits in Hawaii. 
For the two smaller craters in line to the right of Cyril- 

Jus. compare Plate 7, the line of summit craters of 
Mauna Loa. 

Compare Plates 3 and 27. 

(b) The great moon crater Posidonius and the curved 
line of craters bounding the west side of the ridged 
lava plain Marc Serenitatis. The ring ridge is 70 by 
50 miles in dimensions, with an inner lifted corolla like 
Halemaumau ring island in Plate 6. the inner pit is 
like Haleinaumau in relation to Kilauea. the outer pits 
are like Kilauea Iki and KeanakakoL The entire struc¬ 
ture shows engulfment and recovery of a caldera with 
wall-crack vents. The bottom of Posidonius is de¬ 
pressed 2000 feet below the surrounding plain, and the 
nm wall is locally 6000 feet above the bottom. 


(Opposite page) 

Holding this photograph (by Ritchey Oct. 12. 1900. 
40-inch Yerkes. exposure 2/3 of a second) with Posi¬ 
donius above and to the left, compare detail of volcano 
chains Figure 14. and their forked Philippine ridge 
overlapping echelon of curves around Japan, with 
the ridges on the great lunar plain. The velvety ap¬ 
pearance of this plain suggests aa lava. There is no 
proof that these ridges on the moon are wrinkles. They 
are probably lava construction over cracks. 

(c) The astonishing walled depression Lacus Mortis and 
its immense inner pit Burg, with the two craters 
Eudoxus above and Aristotle below on the right. Photo 
by Ritchey. 40-inch Yerkes. October 12. 1900. exposure 
2/3 of a second. This fits on the bottom of *h® 
Posidonius photograph. The pentagonal Lacus Mortis 
measures 100 by 75 miles, the pit Burg is high-walled 
and 28 miles long, and the ragged crater Plana above 
it is sunk deep in the wall-crack of the swollen Lacus 
floor. Its relation to the Lacus is that of Kilauea Iki 
to Kilauea crater, and Burg is like Halemaumau. The 
piled overiloods of lava outside of Burg are like 
Howaiian spatter cones, and the crock across the 
of the Lacus to the right extended into a dike wall 
in th© hilly country beyond is a marvelous revelation 
of lunar photography. 
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MOON CRATERS RESEMBLE KILAUEA 


(a) Moon crater Theophilus with its inner crag peaks. Photographs by Ritchey, (b) Moon 
crater Posidonius with inner ridge like the Kilauea so*caIled "spit." (c) Swollen pentagonal 
crater floor Lacus Mortis, with inner and outer pits. cross*country dikes, and encompassing 
high ground. And the two immense craters Eudoxus and Aristotle farther to the right. 
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TYPES OF CRATERS AND CONES 

pumice, by con.slruclion. showing perfect sculpturing 

o M^i in ^nn 5as-impelled lava fountains in the bottom of Haleakala crater, island 

?bl similar .nn V oi coii^p,^ destruction achieved in Halemaumau. 

oldJTJlrLZT "1 r volcano on Hawaii, indicating on these 

older volcanoes cons ructional effort as the final phase, without the down-break occasioned 

Volcano^Hou^ ^JiTne^'^g^ r^jV ^Sh *he air looking northeast toward 

collnn.t ♦ / ? • ■ remarkably the tendency to smooth ellipse by 

collapse to a central axis, with nm blocks incompletely fallen in right and left. 











VESUVIAN CONSTRUCTION AND DESTRUCTION 

(o) F. A. Ferret's splendid photograph of the cone of Vesuvius after the steamblast 
eruption of 1906. The peak was removed by failing in. lowering height of mountain 
by 340 feet. The lava inside lowered into the depths, after first flowing out by 
foaming up and spilling through lateral cracks. The corrugations were made by 
bombardment and sliding of falling material, (b) Interior of Vesuvian crater after 
1906 showing dikes and intrusions in the wall, cross-section of lava beds, and 
bottom choked with talus of internal avalanching, (c) Highly liquid lava fountain 
at inner cone of Vesuvius, spilling and streaming off to the left as a perfect imita¬ 
tion of Hawaiian activity. Photograph of Vesuvius in 1933. after Rittmann. (d) Rim 
of Vesuvian crater at the end of 1906 eruption: inside slope of breakage, outside 
slope of accumulation. 
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Sketch diagrams of Rabaul Eruptions 1937 (after Sydney Herald) 

(Referred to in text as Figure 8.) 
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Aleutian Fire Mountains 



CHAPTER X 



Bogoslof Piles up Aa Lava under the Sea 


The region in Alaska which contains the largest 
number of volcanoes extends in a continuous 
curved belt from the Aleutian Range of mountains 
west of Cook Inlet, through the Alaska Peninsula 
and the Aleutian Islands, to Attu, the westernmost 
possession of the United States, where there are 
warm springs. Volcanoes that have an active rec¬ 
ord lie along a broad arc 1,500 miles long. There 
are at least 40 of them, ranging in height from 
mere islets to Redoubt Volcano, 10,200 feet high. 
Many of the volcanoes are symmetrically shaped 
snow-covered cones, with glaciers on their flanks. 
All along the belt there are hot springs, and in 
some places sulphur springs. 

The writer cruised from Unimak Pass to Atka 
in 1907, and learned from traders that lumps of 
pure native copper had been found on the shore 
of Copper Island, belonging to the Russians, west 
of Altu. On Attu was a small village of Aleuts. 
On Agattu there are high peaks, and all of the 
islands west of Buldir are believed to be pre- 
Tertiary rocks. 

Following the chain east from here, the southern 
half of the island belt, comprising the larger land 
areas in the middle of the chain, consists of ancient 
sediments or igneous rocks, without active vol¬ 
canoes. The northern half, on the other hand, with 
the dividing line sometimes in a single island and 
sometimes separating different islands, consists of 
shapely recent volcanic cones, many of them 
fuming and some the sites of eruptions during the 
last 50 years. 

Buldir is an eroded volcanic cone, with sunken 
rocks to the south, where islands are said to have 
existed prior to eruptions that destroyed them more 
than a century ago. Kiska has a fuming volcano 


4,050 feet high at its north end, it contains a good 
harbor, and its southern half is geologically differ¬ 
ent, and said to contain **mineral.’* Chugul and 
Little Sitkin are fuming volcanoes, the former con¬ 
taining iron. Amchitka is nonvolcanic, and has 
good cattle feed. Semisopochnoi is covered with 
volcanoes, but does not smoke. 

We now come to a group of large islands strong¬ 
ly volcanic on their north sides. Gareloi is always 
fuming. A smoking volcano occupies the north 
end of Tanaga. The north end of Kanaga was very 
active in 1904. Great Sitkin was reported fuming 
in 1904, and Kasatochi is said to be the top of a 
volcano with a big crater lake; about 1899 the lake 
disappeared, and steam was rising. Copper is re¬ 
ported from near Salt Island on Atka, and sulphur 
amid the volcanoes in the north of Atka. The 
writer camped there in 1907, and found a boiling 
spring, and saw fresh volcanic cinder on snow 
fields. 

Seguam broke into eruption for a week in De¬ 
cember, 1891, and this was followed by a terrific 
eruption in the spring of 1892, making detonations 
heard in the native village on Atka, 75 miles away, 
and exhibiting two jets of cauliflower clouds. 
Mount Cleveland, 8,156 feet high, in the Islands of 
Four Mountains, was active in 1893, and 1944. 

This brings us to Bogoslof, Makushin, Akutan, 
Shishaldin, and Pavlof, well known volcanoes with 
an active record. The Section of Volcanology of 
the American Geophysical Union in Washington 
in 1926, conducted a symposium on scientific co¬ 
operation in the Aleutian Islands wherein the need 
was urged for a permanent cooperative observatory 
in the large central islands, dealing with volcanol¬ 
ogy, climate, charting, the sea bottom, geology. 
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seismology, magnetism, and atmospheric electricity. 
As a beginning a seismograph station was estab¬ 
lished at Kodiak in the summer of 1927, and ex¬ 
ploration was made of the eastern Aleutians, 

If the reader studies the map of the Pacific, he 
will find that nearly all of the steamship courses 
radiating from Honolulu either reach or pass by 
lands of active volcanoes. The northern course 
reaching Unalaska in a distance of 2,016 nautical 
miles, touches the middle of the Aleutian chain. 
On the globe this is nearly a circular arc about the 
inner bight of the gulf of Anadyr as a center. 
None of these island volcanic arcs is truly circular; 
they are always somewhat straight at one end and 
hooked at the other. So in this case the curvature 
is greater at the western end. As in most of the 
island arcs, the active volcanoes tend to line the 
inner side of the curvature, toward the shallower 
ocean, in this case the Bering Sea. The same thing 
is true of the Caribbee Islands confining the eastern 
end of the Caribbean Sea; and Martinique with its 
destructive volcano Pelee, is the gem in the middle 
of that volcanic necklace. 

When the real meaning for this hook and curve 
alignment of volcanic islands has been discovered, 
we shall know much more about the globe than 
we know now. Underneath the volcanoes in the 
Aleutian Islands there are old granites and sedi¬ 
mentary rocks, exposed especially on the Pacific 
side, which protrude from the Alaskan continent, 
folded and pinched along axes parallel with the 
island line, and falling off to a profoundly deep 


trench to the south. This trench is also straight on 
the east, hooked northward at the west and is over 
20,000 feet deep. A basin more than 10,000 feel 
deep extends into the southwestern half of Bering 
Sea, but the rest of this inland sea is very shallow. 
The Aleutian Islands are really a submerged penin¬ 
sula extending westward from Unalaska with the 
mountain peaks rising above the waves. Just in 
the eastern comer of the deeper basin of the Bering 
Sea, and 40 miles north of Umnak, the large island 
next west of Unalaska, some rocky pinnacles stand 
in the ocean where on either side the water is 
6,000 feet deep. These rocks are sometimes con¬ 
nected into a single island called Bogoslof, and at 
other times a channel between two of them has been 
washed clear by the sea. They are of enormous 
interest, for they consist of nothing other than the 
peak of a 6,000-foot volcano which during the last 
two centuries has been squeezing up stiff lava-like 
paste from a paste tube, to add to the volume of 
its apex. 

The rise of the first rocky spine above the water 
at Bogoslof was reported by early navigators about 
1768 and was called Ship Rock. Another stiff aa 
crag of andesite, Castle Rock, rose to the southeast 
of Ship Rock with much explosion and disturbance 
in 1796, alarming the natives of Unalaska. Ac¬ 
cording to Krusenstem, who made a map in 1826, 
Castle Rock was then two nautical miles long, 
4,000 feet wide, and 350 feet high, without summit 
crater, and with pinnacles on top. Castle Rock was 
extensively washed away and made smaller dunng 
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Figure 19. Bogoslol ia plan and elevation from 1826 to October 1907. The island 
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tho nineteenth century. In 1883 a new eruption 
began and a huge tabular crag of lava rose precipi¬ 
tously from the sea more than a mile to the north¬ 
west of Castle Rock and enclosed Ship Rock in its 
debris in the space between, the bombs and gravel 
and sand beaches joining the two peaks to form an 
elongate island. For more than a decade the 
boiling continued at Grewingk, as the table rock 
was called, but erosion by the arctic storms, and ex¬ 
plosive outbreaks, destroyed Ship Rock, and opened 
a channel between Castle Rock and Grewingk, 
which were apparently dead at the beginning of the 
twentieth century. 

In 1906 new lava monsters began to rear their 
heads from the squirming lava tangle inside the 
undersea volcanic mountain, and these first ap¬ 
peared as a steaming new heap about midway be¬ 
tween the two older islands, connected with the 
northwest table Grewingk by a low flat ridge of 
debris but separated from Castle Rock by a chan¬ 
nel seven fathoms deep. The new mound was con¬ 
ical in appearance, with sulphurous eruptive rocks 
emitting large volumes of steam, and showing at 
the summit a broken horn bending to the northeast 
like the famous Pelee spine in Martinique, and con¬ 
sisting of a mass which had been forced up through 
an aperture while in a plastic condition, with 
smooth and scored sides. The new hill was named 
Metcalf Cone. The heat of the steam jets varied 
from 94® to 224® F., and cracks in the rock were 
hot enough to light paper. There were the usual 
alternations of explosive eruption with rising stiff 
lava, and at the beginning of 1907 Metcalf Cone 
was broken in two, while the channel between it 
and Castle Rock had filled itself with a new steam¬ 
ing heap of lava, McCulloch Peak. 

At this time the writer visited Bogoslof, and on 
August 7, 1907, landed in a dory in the midst of a 
herd of roaring sea lions. The precipitous cliffs 
were covered with millions of murres and herring- 
gulls, and the air was darkened by myriads of them 
in rapid flight. Bogoslof was now a continuous 
island two miles long, the two active cones were 
400 and 5p0 feet high, McCulloch Peak was three- 
quarters surrounded by steaming salt water at 
90® F.; it looked like a huge lumpy potato with the 
bulbous liunps split apart, the whole jagged mass 
encircled by debris slopes that led down into the 
orange-colored warm water of the lagoon. Imme¬ 
diately adjacent to it was the Metcalf half-dome, 
with the central spine wonderfully revealed in cross 
section. The spire appeared in the cliff like an in¬ 


verted fish horn, its base 360 feet across and its 
top rounded botli in plan and profile like a beak. 
There were regular markings on the rounded sur¬ 
face horizontally, as though the horn had been 
shoved up at intervals. It was like a great worm 
rising from its burrow with its head turned toward 
the east. It was 400 feet high and at the top it was 
broken away through lack of support into a ragged 
40-foot precipice, overhanging the back slope. 

Bogoslof in 1907 was at its maximum of volume 
above the waves for the period elapsed since the 
big island of 1796 had been eroded away. It was 
now four rocky hills, Castle Rock at the southeast, 
then McCulloch Peak fuming and tumbling and en¬ 
circled by sand bars and lagoons, then the half¬ 
dome of Metcalf cone with its spine, bordered by a 
dry lagoon on the north, and at the northwest the 
tabular rock Grewingk with gravel banks piled 
against it. Our party discovered elevated rock 
platforms backed by sea caves which had been at 
sea level a year before, so that everything indicated 
that the huge pressure inside the submerged vol¬ 
cano pushing up McCulloch Peak, was also lifting 
the volcano on its back and carrying the chain of 
islets with it. This heaving of the older land was 
particularly interesting, because the main island of 
Unalaska showed elevated sea benches, and now we 
know that at Kilauea, during the rising lava period 
of 1913-1922, the mountain top surrounding Ki¬ 
lauea Crater was lifted more than two feet, and 
carried the Volcano House up with it. In other 
words, the turtle-back of a volcano swells when the 
lava rises and flows out, and shrinks when the lava 
sinks back. 

September 1, 1907, a dense black cloud rose 
from Bogoslof, ash and sand fell at Unalaska man¬ 
tling everything with a snowstorm of rock powder 
a quarter inch deep, and there were rain and light¬ 
ning and distant rumbling. McCulloch Peak had 
blown itself up. A steaming lagoon was left in its 
place, the rest of the island was piled high with 
fallen debris, and the backslope of Metcalf Cone 
had the smooth concave cone profile of a Vesuvius. 
There appeared to be a ryhthmic sequence to the 
events whereby Metcalf Cone built itself up 400 
feet high and 2,000 feet across, lived 10 months 
and exploded, then McCulloch Cone was built up 
450 feet high and 2,000 feet across, lived 10 months 
and was destroyed. It is probable that this means 
a pulsation of rise and fall of lava, and when the 
lowering comes, the ground-water penetrates the 
hot voids below, under great pressure and by many 
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inlets, then generates steam, and the path of least 
resistance for the exit of the steam is through the 
crannies of the wall crack, around the edges of the 
cork above the boiler. 

In July, 1908, the remains of Metcalf Peak had 
subsided and there had probably been another 
explosion the previous winter. There was renewed 
activity in September 1909, in the bay surrounded 
by beaches that lay between Castle Rock and Gre- 
wingk. A new lagoon was formed shut off from 
the sea, and t^vo small lava islands arose which in 
June 1910 had united and reached a height 178 
feet above the water. A survey September 10, 
1910, made the island one and a half statute miles 
long and three-quarters of a mile wide. The old 
rocks were becoming smaller. A new explosion 
September 18-19, 1910, sent up immense clouds of 
vapor, smoke, and ashes, flames were reported, and 
a true crater was opened in the top of the central 
peak. This was the first time that a real crater 
within one of the lava domes was ever seen 
and photographed by the Coast Guard officers who 
have done so much valuable work in making these 
reports on Bogoslof. Some of the lava heaps were 
named after Coast Guard vessels. In July, 1913, 
this crater had steam and smoke slowly issuing 
from it, but the following year all smoking had 
ceased. During the next eight years Tahoma Peak, 
as the new hill of 1910 was called, was eroded 
away, and a channel was again opened between 
Castle Rock and Grewingk so that a boat could 
sail between the hvo older islands. Grewingk had 
greatly diminished in size, and Castle Rock was 
now two rocky horns with a big accumulation of 
sand and gravel heaps piled against them, espe¬ 
cially on the northern and eastern sides, these trail¬ 
ing off into a long sand spit at the north, and the 
whole of this larger island was surrounded by sand 
beaches. 


« 


The writer visited Bogoslof for the second time 
July 6, 1927, and found a new period of moderate 
lava activity inaugurated, with a pile of steaming 
lava rising from a warm lagoon in the midst of 
sand banks, and again these banks joined all of 
Bogoslof into one island with a complete ring- 
shaped salt water lagoon, surrounded in turn by a 
complete ring of sand permitting no connection 
with the sea except by seepage. The lagoon was at 
70° F., there were the usual herds of sea lions and 
myriads of birds, the bottom sand pebbles of the 
lagoon were all coated with orange colored ochre, 
the lagoon was everywhere only two or three feel 
deep, there were numerous skeletons of dead birds 
on the beach, and in the sand were impact craters 
made by newly fallen bombs having rough aa sur¬ 
faces. There were blocks of pumice one to two 
feet in diameter. The central lava heap was about 
200 feet high and 1,000 wide. Its crest consisted 
of uniform aa clinker, steaming much more heavily 
than a year later. It made no noise, and it is 
characteristic of Bogoslof that during most of the 
visits reported noise has been absent. In Septem¬ 
ber of 1910, however, a week before the explosive 
eruption, roaring steam jets had been found. In 
1927 the annular ridge of gravel, sand and explo¬ 
sion products stood about 10 feet above tide. 

The new activity had started in July of 1926 
when there was open water between the two older 
rocks. An explosive eruption was seen by a whaler 
on August 12, black smoke with darkness accom¬ 
panied by thunder and lightning, ending with a 
cloud of white steam and “fire.” There was also an 
explosion in December, 1926, and it is probable 
that the lava dome of 1927 emerged thereafter. 
Probably the eruption began with a series of lava 
pulsations, alternating with explosion. In 1928 the 
activity was mild. A landing party on Bogoslof 
July 27, 1929 reported all quiet. 



Figure 20. Mop of Aleutian ▼olconoes with Bogoslof in the middle. 




CHAPTER XIV 

Alaska Disclosed Hidden Guns in 1912 


An almost unknown volcano in the middle part 
of the Alaskan Peninsula opposite Kodiak Island 
erupted violently in the midst of an utter wilderness 
June 5, 1912, and involved several neighboring 
peaks and valleys in rupturing the crust of the 
earth. This was Katmai and it was seven years be¬ 
fore the scientific expeditions of the National Geo¬ 
graphic Society finished their field work under Dr. 

a botanist transformed into geologist by 
force of circumstances. For years the “Valley of 
Ten Thousand Smokes” was almost inaccessible, 
and the quieting of the earthquakes, explosions, 
noxious gases and upward pressing lava plug, so 
as to permit exploration, took place but slowly. An 
entire landscape of a steep mountainous land of 
glaciers, forests, big bears, floods and bad weather 
added landslips, hot waters and hot-air convection 
to millions of tons of ash to render slopes unstable 
and create rains and winds previously unheard of. 
It is a dangerously steep country anyway, with no 
roads or trails, so that the exploration and photog¬ 
raphy finally accomplished and conservatively re¬ 
ported make the numerous monographs of Dr. 
Griggs and his associates collectively one of the 
greats epics of exploratory scientific achievement. 

Summary of Eruptions 

Earthquakes were felt at Katmai Village, (see 
map with numbered locations Figure 21) from 
June 2 1912 on, and severe shocks June 4 and 5. 
The black cloud of an eruption was seen by ob¬ 
servers on the evening of June 5 at Cold Bay, which 
from the volcano was 40 miles to the southwest. 
Explosions &om Katmai were beard the morning 


of June 6 more than 130 miles to the northeast and 
to the northwest. The big eruption of 1:00 p.m. 
June 6 was seen at Cold Bay, at Raspberry Island, 
(location east), at Lake Clark, (location north), 
and at Cook Inlet, (location northeast). The vio¬ 
lent explosions of paroxysmal eruption lasted 60 
hours from June 6 at 1:00 p.m., to June 9 at 1:00 
a.m. Explosions were heard throughout June 9, 
and on the morning of that day a funnel-shaped 
cloud was seen over Katmai from 80 miles to the 
northwest and from 115 miles to the NNE. Grad¬ 
ually subsiding activity continued for months. 

The explosions were heard 750 miles away, al¬ 
though not heard 50 miles away. Sulphuric acid 
rains damaged goods 1,500 miles away. Fields of 
floating pumice were dense enough in Shelikof 
Strait to support a man, and floating patches were 
seen a year after the eruption. From Mount Wilson 
in California, to Bassour in Algeria, the atmo¬ 
spheric haze of ash reduced solar radiation by 
about 10 percent, cooling the average temperature 
of the northern hemisphere about 1° C., which ef¬ 
fect reached its maximum in September. The 
deeper earthquakes were recorded on world seis¬ 
mographs. 

Experience at Kodiak 

Captain K. W. Perry, commanding U. S. Coast 
Guard cutter Manning at Kodiak, location 124, re¬ 
ported that at 5:00 p.m. Thursday June 6 there had 
been thunder and lightning, a dark cloud ap¬ 
proached from the NW, coarse gray ash fell, was in¬ 
creasing at 6:00 p.m., blotted out the arctic day¬ 
light 6:30 p.m., fell all night until 3:00 June 7 and. 
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Figure 21. Location 
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ol Kotmoi with numbere referred to 
Iroxn Martin to Kugak Yoleanoec. 
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as the first phase of the Katmai eruption, ceased at 
9:10 a.m., meiking a layer four to five inches deep. 
The wireless of the steamer, lying at Kodiak dock, 
was useless on account of static, and thereafter the 
land radio station was struck by lightning and 
burned down. 

On the Manning June 7, Captain Perry reports: 
“All streams and wells had now become choked, 
about five inches of ash having fallen, and water 
was furnished the inhabitants by the Manning and 
by a schooner for several days.*' 

“At noon ashes began to fall again, increased 
until 1:00 p.m., visibility was 50 feet. Abject ter¬ 
ror took possession of the place. At 2:00 p.m. 
pitch darkness shut in. There were heavy static 
disturbances to the radio. No light appeared at 
dawn June 8. Ash had been removed from the 
ship June 7, but now decks, masts, yards and life¬ 
boats were loaded with flakes of fine dust of a 
yellowish color. Sulphurous fumes came at times 
in the air. Avalanches of ashes could be beard 
sliding on the neighboring hills sending forth 
clouds of suffocating dust. The crew kept at work 
with shovels, and four streams of water from the 
fire mains were kept playing incessantly to try to 
rid the ship of asL The dust-fall was so heavy 
that a lantern could not be seen at arm's length." 

The people were cared for on the Manning and 
in the adjacent storehouse. On June 8 at 2:30 
p.m. ash fall decreased, the sky assumed a reddish 
color and objects became dimly visible. This sec¬ 
ond fall of ash settled into a layer of fine material, 
of bright terra cotta color, four and one-half inches 
thick. Frequent seismic disturbances had been 
felt during these two phases of the eruption and as 
ffiere was daylight the population was taken on 
board the ship which moved out to the outer har¬ 
bor about 5:45 p*ni. and remained there with more 
than 500 people on board while ash began falling 
again, of fine gray consistency making a layer 1.5 
inch thick. June 9 dawned clear and thereafter the 
people returned to their homes. 

Experiences at Sea 

Captain C. B, McMullen of the steamer Dora, en¬ 
tering straits between Afognak and Kodiak, loca¬ 
tion 125, going east reported that he left Uyak, lo¬ 
cation 126, a deep bay on the northwest side of Ko¬ 
diak Island at 8:45 a.m, June 6; strong westerly 
breeze and fine clear weather. At 1:00 o clock 
p.m. entering the straits south of Raspberry Island, 
location 127, he sighted a heavy cloud of smoke 


directly astern rising from the Alaska Peninsula. 
“I took bearings of same, which I made out to be 
Katmai Volcano, location 128, distance about 55 
miles away. The smoke arose and spread in the 
sky, following the vessel, and by 3:00 p.m. was di¬ 
rectly over us, having travelled at the rate of 20 
miles per hour.” 

J. E. Thwaites on steamer Dora said “The rain 
of ashes fell in torrents; it swirled and eddied. 
Gravity seemed to have nothing to do with the 
course of its fall. The underside of the decks 
seemed to catch as much as the sides or the decks 
under our feet. Bright clusters of electric light 
could be seen but a few feet away. It was with great 
diflBculty that the man at the wheel could see the 
compass through the thick dust with windows 
closed tightly.” 

“Flashes of lightning glared continuously round 
the ship, while a constant boom of thunder, some¬ 
times coinciding witli the flash, increased the hor¬ 
ror of the inferno raging about us. As far as see¬ 
ing or hearing the water, or anything pertaining 
to earth, we might as well have been miles above 
the surface of the water. And still we knew the sun 
was more than two hours above the horizon. In 
the saloon everything was white with a thick layer 
of dust, while a thick haze filled the air. The tem¬ 
perature rose rapidly, and the air, what there was 
left of it, became heavy, sultry, and stifling. Below 
deck conditions were unbearable, while on deck it 
was worse still. Dust filled our nostrils, sifted down 
our backs, and smote the eye like a dash of acid. 
Birds floundered crying wildly, through space, and 
fell helpless on the deck.” 

Observations at Alaska Peninsula 

C. L. Boudry at Cold Bay, location 129, reported 
that two families of Katmai Village had stayed 
home until June 4, the rest of the inhabitants being 
at Kaflia Bay. They saw the eruption Jime 6 from 
Cape Kubugakli, location 130. Boudry wrote: 
“Two families arrived from Katmai scared and 
hungry and reported that one-half the hill blew up 
and covered up everything, that small rocks were 
falling for three or four miles out to sea, but they 
saw no more of it as everything was closed up with 
smoke. They had camped between Kashvik and 
Alinchak bays, location 131. The falling stuff in 
their boat was of the size of coarse rice and pum¬ 
ice stones. Another report said the rocks flying 
were hot,” 

American Pete, an Aleut chief at Ukak, location 
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132, northwest end of Valley of Ten Thousand 
Smokes, on June 6 at 1:00 p.m. said: “Katmai 
Mountain blew up with lots of fire, and fire came 
down trail from Katmai with lots of smoke. Every¬ 
body go in boat Savonoski, location 133, to Naknek, 
location 134. Hell of a job. We come to Naknek 
one day, dark, no can see. Hot ash fall.” 

Ivan Orloff, an Aleut native of Katmai Village, 
was at Kaflia Bay location 135, on June 9, 1912, 
and wrote a letter to a kinsman: “We are awaiting 
death at any moment. A mountain has burst near 
here, so that we are covered with ashes, in some 
places ten feet and six feet deep. All this began 
June 6. Night and day we light lamps. We cannot 
see the daylight, we have no water, all the rivers 
are just ashes mixed with water. Here are dark¬ 
ness and hell, thunder and noise. I do not know 
whether it is day or night. The earth is trembling: 
it lightens every minute, it is terrible.'* 

Geologist Martin (Nat. Geog. Mag. Feb. 1913) 
in his preliminary report states admirably the 
causes of volcanic eruption except for the omis¬ 
sion of groundwater and extensive cracks. He men¬ 
tions earthquakes felt at Katmai village for five 
days prior to outbreak, severe ones June 4 and 5 
felt out to 130 miles away, and that the Valley of 
Ten Thousand Smokes was vomiting gases June 
5 was proved at Cold Bay by black storming clouds 
over it. Morning explosions on the 6th were heard 
at Seldovia and Nushagak. Explosion with earth¬ 
quake was noted at Cold Bay at the great crisis of 
1 p. m. June 6, followed by another at 3 p. m. Seen 
from Iliamna Bay the clouds suddenly gushed up, 
in the Katmai direction. 

The glimpses of Katmai mountain obtained by 
the Katmai natives made them think that it “blew 
its top off,” and the story of the Savanoski natives 
was that “the upper half of Katmai mountain is 
gone and the mountain is burning up.” They ar¬ 
rived at Naknek June 7 much excited, and from 
Savanoski at the other end of Naknek lake they had 
been in position to see what happened; the 
reference was to the period 1 p.m. to 3 p.m. June 6. 

The dust clouds took a half-day to reach Kodiak 
and produce darkness. Therefore black night fell 
over the country, so that there was no occasion to 
see magmatic glow for a fortnight owing to the 
heavy dustfall all about the crateral regions. At 
Naknek 80 miles northwest from Katmai observers 
June 9 in early morning saw an illuminated fuimel- 
shaped cloud, and this was seen also at Iliamna 115 
miles NNE from Katmai volcano. Volcanic glare 


was seen on the clouds June 23, July 21 and 31, 
with seeing controlled by weather conditions. 

Fumes were noted at Cold Bay June 8 to July 5, 
July 12 to 24, July 30 and 31, August 10 to 12, and 
the dates were not identical with those of perceived 
dust falls. At a distance 120 miles east of the vol¬ 
cano July 27 “sulphurous” fumes were noted and 
darkened new white-lead paint, and this effect was 
observed also in Kodiak. August 12 from the 
shore southeast of Katmai an immense column of 
ascending steam over the center was seen, with a 
continuous roar like waterfalls or surf heard by 
Martin. Rain falling August 15 at the mouth of 
Katmai river tarnished brass and silver, and pro¬ 
duced pain in the eyes. August 16, about 350 miles 
north of Katmai volcano, “sulphurous” fume was 
smelled. This word “sulphurous” is as ambiguous 
as usual, but presumably hydrogen sulphide was 
meant, and, for the eye pains, sulphuric and hydro¬ 
fluoric acids. 

Some bears on Kodiak maddened by hunger at¬ 
tacked cattle, and some were reported blind. Near 
Iliamna lake one to four inches of ash fell, most of 
the small birds died, rabbits became blind, and 
reindeer sickened. Gulls, geese, ducks, squirrels, 
marmots and mice, ptarmigan, snipe, hawks and a 
blinded eagle were found dead, the last after colli- 
son with a tree in flight. Many wild animals had 
their eyes affected, and so did domestic dogs. 
Small fish in creeks were killed. Mosquitoes were 
exterminated in the ash district. People reported 
headaches, pains in throat and lungs, and sore eyes 
while fume and dusted lasted. Some deaths in Ko¬ 
diak were hastened by exposure. 

The spawning grounds of the salmon were injur¬ 
ed and salmon were scarce in 1912. Barnacles and 
mussels down to low tide level in Katmai bay were 
killed. Kelp was killed as far as Afognak. Cod and 
halibut died in Cook Inlet. Close to the volcano 
plants were killed, but Griggs has made careful bo¬ 
tanical studies farther away to show how much of 
the vegetation revived from the roots and came up 
through the ash. 

Summarized the explosion of Katmai ranks 
among the twelve greatest historical eruptions in 
the world, a town a hundred miles away was buried 
under a foot of ash, concussions and noises were 
felt and heard 750 miles away and the intensity of 
the sunlight was diminished for many months 
throughout the northern hemisphere. Along the 
valley of the Ukak river and its forks for a distance 
of twelve miles a deep sand sea was formed by ex- 
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plosions up newly broken cracks under the valley. 
At the head of the valley within a circle of moun¬ 
tains a new lava plug of composition more sili¬ 
ceous than granite was thrust up as a hillock that 
steamed for years, called Novarupta (location 138). 

The order of events at Katmai appears to have 
been first a peaceful valley among dormant vol¬ 
canoes followed by earthquakes and rumblings to 
warn the natives. Underground lava had been heav¬ 
ing the country for years in unmeasured amount. 
This ruptured the subterranean strata and escaped, 
reducing pressure, and collapse near Novarupta 
occurred. Magma effervesced and made pumice 
covering 53 square miles of valley to a depth of 100 
feet, beginning with water and ending with super¬ 
heated ash. 

Then came more collapse into voids heated by 
the furnace of escaping lava, ocurring not only at 
Novarupta but with landslides and inward faulting 
in the volcanic mountains. This took greatest effect 
at Katmai volcano in rhythmic explosions alterna- 
tmg with collapses of increasing intervals. Brown, 
yellow and red ash ejections were indication of 
deeper oxidized old rock involved in the engulf- 
ments. There was fumarole activity in the valley 
from hundreds of steam craterlets over deep rock 
cracks under the ash. The basin of Novarupta made 
a steamblast ejecting half a cubic mile of coarse 
pumice over an area thirteen miles in diameter so 
as to overlap the deposits from Katmai volcano. 
The craters of Mount Martin and Mageik volcano 
opened and landslides fell from Mageik and other 
places (locations named on Figure 21). 

There were three major explosions of Katmai 
crater with enormous enlargement of its interior 
by engulfment. The times were June 6 at 1:00 
p.m. making a layer of gray ash of fresh pumice, 
figain at 11:00 p.m. depositing a terracotta layer 
and the third on June 7 at 10:40 p.m. making a 
gray layer. During the decline there was a fourth 
explosion of Katmai making a yellow ash layer. 
This was later capped by layers of fine red mud 
thrown out by Katmai. 

Finally there came Katmai mud-flow as under¬ 
ground water returned to the void, and rising lava 
closed off the geyser chambers and this magma 
came to the surface in a glowing dome at Nova¬ 
rupta, when red reflection on the clouds was seen 
over incandescence from within the craters report¬ 
ed Jime 23 and July 21. 

As result of the restraint of deep effervescence in 
the Katmai region intense jolting of the Alaska 


Peninsula occurred, as its mountainous weight re- 
asserted itself over intrusive flowing of subterra¬ 
nean magma along the line of the greater rifts, 
causing intense earthquake adjustments. 

The earthquakes were continuous to June 11, 
there were some hard shocks June 12-16, a strong 
renewal between June 17 and June 21 followed by 
the lava extruding and making incandescence seen 
for a month. Then a hard earthquake occurred 
near midnight July 21 making landslips, and in¬ 
creasing earthquakes recorded on distant seismo¬ 
graphs reached a maximum intensity September 20. 

Liquid sea water from below the deep ground- 
water basin brought chlorine into the magmatic 
steam, and also concentrated fluorine and sulphur 
were volatilized by the superheated vapors in the 
older rocks, so that the later explorers found maxi¬ 
mum temperatures of 645*^ C. in the big fumaroles 
covered with brightly colored deposits that made 
craterlets by hundreds in the sand floor of the 
Valley of Ten Thousand Smokes. A stick thrust 
into the hole changed to glowing coal, the acids 
rotted ropes and made holes in aluminum pots 
when cooking was done over the vents. In some 
places hot steam came out under pressure, water 
thrown in vaporized instantly and small objects 
were tossed high in the air by the jet. Later years 
have produced gradual decline of solfataric action. 
In October-November of 1912 the final intensely 
acid phase of steam ejection caused both domestic 
and wild animals to go blind even some distance 
away from the volcanic center. 

The great sand and mud deposit of the bottom 
of the valley overlaid the ash of Katmai crater and 
did not come from Katmai. Its main center was 
Novarupta and on the border of the valley it 
reached a definite shoreline level of its own, from 
which it receded. Its succession of layers was 
studied by geologists, is complicated, and is a mat¬ 
ter of controversy as to what parts were played by 
fall of pumice, upjet of ash-filled gases, flow of 
mud, relative incandescence of the fluid to char 
tree-trimks, or some kind of horizontal jet carry¬ 
ing ash like the rift blast at St. Pierre in Martini¬ 
que 1902. 

It seems likely that renewal of ash eruption from 
the Katmai group of volcanoes has occurred since 
1912. A trapper in January 1927 reported seeing 
an ash eruption from one of the Katmai volcanoes 
and said that two trappers were missing who had 
gone into that region. Mt. Mageik and Mt. Martin 
were both steaming in May 1927, and the captain 
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of a fishing vessel reported an eruption of Mageik 
late in August as follows: 

“We were about 50 miles off the Alaska Penin¬ 
sula in clear weather, when suddenly we noticed a 
gigantic puff at the top of Mageik. Soon the air was 
filled with volcano ash, and it began to rain pumice 
stone. After the explosion, the volcano smoked 
like a factory chimney. A short distance from the 
ship we found large quantities of pumice stone, 
some pieces as big as your fist, floating on the 
ocean. « 

“We scooped up a bushel or more of the stones 
and brought them to Seattle. For five days the 
eruption continued, and the mountain was still 
smoking when we left for Seattle. 

“Each morning while we were off the Alaska Pe¬ 
ninsula, the decks and rigging of the ship would be 
covered with the fine powdered volcanic ash, some 
of it so white that it resembled snow. The first 
duty of the crew in the mornings would be to sweep 
the decks clear and to dust off the rigging. 

“The eruption followed a period of unusual 
weather, a great calm with scarcely a breath of air, 
and a depressing atmosphere. The air was full of 
white volcanic ash for a week, and thousands of 
tons of pumice stone fell around us.” 

Bogoslof had been found in lava eruption July 6, 
1927. This was in the technical sense that a pile 
of steaming hot lava was slowly heaving itself 
above the sea-water from the submerged crater. 


The salt lagoon surrounding the lava heap was 
warm. Fresh bombs and bomb-pits lay about. The 
records of mariners for a year past told of explo¬ 
sions in July, August, September, and November, 

1926, and July 26, 1927 at Bogoslof. 

Now we get Mageik exploding a month later. A 
small sidelight is thrown on this volcanic action of 
the Katmai group by the new seismograph at Ko¬ 
diak village. While it was being installed, July 30 

1927, at 7:10 a.m. Kodiak time (ten hours slower 
than Greenwich) a local earthquake was sharply 
felt. At 5:52 a.m. August 11 a slight east-west 
swaying shock was felt and was registered by the 
seismograph so as to indicate an origin distance of 
35 nautical miles; duration of registered motion 
three and one-half minutes. 

Coinciding with “late August” of the reported 
Mageik eruption, the Kodiak seismogram of 7:18 
a.m. August 28 exhibits a feeble local earthquake 
with preliminary phase indicating a distance of 30 
nautical miles; duration of motion about one min¬ 
ute. 

Summing up, we have (1) Bogoslof piling lava 
July 6 and exploding July 26; (2) Earthquakes at 
Kodiak originating 30 to 40 miles away at inter¬ 
vals of 12 and 16 days after July 30; (3) Elxplo- 
sion of Mageik the end of August and first days of 
September. Kodiak is 93 nautical miles from Ma¬ 
geik and about 35 miles from Shelikof Strait, 
where there is probably a northeast-southwest fault. 



CHAPTER XV 


The Amphibian Jeep 


of the Pavlof Expedition 


The idea of exploring the Aleutiein Islands be¬ 
came first a reality to the writer in the sununer of 
1907. A small sailing schooner from Seattle took 
us to Dutch Harbor, a thirty days’ sail, and then 
we plowed west to Atka amid gales and fogs, col¬ 
lected specimens of rocks, plants and insects, and 
spent much time at sea, and a little time on land. 
Since then three things have made southwestern 
Alaska more accessible to the explorer: the sixty- 
foot Diesel power boat, the Radio, and the Can¬ 
nery. Thanks to courtesies from the Pacific Amer¬ 
ican Fisheries, which operates four salmon can¬ 
neries near the tip of the Alaskan peninsula, and 
help from the mail boat, the Coast Guard and the 
Radio services, it was possible in 1927 to see the 
shoreline of the whole Aleutian belt out to Attu, 
and in 1928 to explore and map twenty-five hun¬ 
dred square miles near Pavlof volcano. 


Orgcmizatxon 

The reconnaissance of 1927 was done under the 
Geological Survey. In 1928 the National Geo¬ 
graphic Society authorized through its Committee 
on Research an exploration of the Pavlof district 
which had four principal aims: (1) to make a 
topographic map, (2) to study the volcanoes, (3) 
to photograph the region and (4) to test the use of 
an amphibian boat. These were attained 

within the limitations of a spring and summer of 
the usual bad weather, characteristic of the contact 
line between Bering Sea and the Pacific. Hie per¬ 
sonnel included T. A. Jaggar, geologist and di¬ 
rector; C. P. McKinley, topographer; R. H, Stew¬ 
art, photographer; John Gardner and Peter A. 


Yatchmeneff field men, and a cook. The outfit 
included two excellent pack horses, a thirty-foot 
troUer cat-boat with five H.P. Standard gasoline 
engine, an amphibian “Mobile-boat” by Powell of 
Chicago 21 feet long, a skiff, two wall tents and 
three A-tents. 

The method of work was based on experience of 
the Geological Survey in Alaska. Base camps were 
reached by boat, the horses proceeding across 
country or along the shore with the topographer. 
Each base camp was occupied two to three weeks, 
while the topographic party of two men made a cir¬ 
cuit of the interior country. When their mapping 
was done, the camp was moved to the next base as 
wind and weather permitted. By foot, boat and 
horse, the expedition travelled about 1300 miles 
on the peninsula. Stores were carried on the “Geo¬ 
graphic” and the photographic, geological and bot¬ 
anical apparatus on the “Honukai” (names of the 
troUer and the Mobile-boat respectively). The 
Squaw Harbor and King Cove canneries kindly 
placed their Diesel boats at our service from time 
to time for touring or for delivering supplies. 
These boats are incessantly traversing these waters 
while fishing the salmon traps. 

Sdentiiic Collections 

Botany was not represented by a specialist, but 
the geologist provided himself with a plant press 
and corrugated strawboard, and collected over a 
thousand of the flowering plants of beach, timdra 
and hillside. Flowers bloom in profusion in June, 
July and August, violets, daisies and lupines, and 
in the tundra rounded “pincushions” of moss, made 
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pink, white, blue and yellow with crowded little 
flowery stars. Mosses and seaweeds were abo col¬ 
lected, both exhibiting great variety and delicate 
colors. 

Other collections were photographs, rocks, min¬ 
erals and fossils. Nearly five hundred photographs 
were taken by Mr. Stewart, and Mr. McKinley em¬ 
ployed a panoramic surveying camera to assist the 
plane-table work. Some four thousand feet of 
motion picture film were obtained. A portable 
dark-room tent successfully was set up at the base 
camps, near a spring or creek for washing the 
negatives, and all the pictures (except the movies) 
were developed in the field. From twenty to 
twenty-five film spools were often developed in a 
day. The work included also Lumiere color pho¬ 
tography, developed in the field. Four cameras 
were at work throughout the summer. 

The Amphibian Boats 

The amphibian was the outcome of an experi¬ 
ment made by the geologist in 1927. He had car¬ 
ried a small cross-country car to King Cove. This 
was based on experience in Hawaii, at the Volcano 
Observatory, where such a car, with low gear and 
balloon tires, had been successfully used over lava 
fields. At King Cove it was found that the little 
car ran along the stony beach, penetrated the grass 
flats and tundra, and was only lacking a boat body 
to enable it to round headlemds by taking to the 
water. 

The King Cove experimental car was built into 
an experimental amphibian at the Hawaiian sta¬ 
tion. It was equipped with a 21-foot skiff body, 
chain drive, and paddle-wheels on the counter¬ 
shaft. The wheels carried it over a tour of two 
hundred miles of roads in the island of Hawaii, and 
about a hundred miles of water was transversed 
with the paddle-wheels, supplemented by an out¬ 
board motor. Stops were made by running the 
craft up a beach on its wheels and camping at the 
boat. 

This Hawaiian journey taught us that screw pro¬ 
pellers would be better than paddles, and we learned 
that steel mats helped out on soft sand. These mats 
are eight feet long and roll up when not in use. 
They are placed under the driving wheels for cross¬ 
ing the soft upper stretch of a beach. 

The Powell Mobile-boat Company built for the 
Pavlof expedition a steel amphibian boat, twenty- 
one feet long, with a Ford Model T engine, twin 
screws, worm truck drive, double rear tires, and 


enclosed body with water-tight compartments fore 
and aft. The whole amphibian, boat and chassis 
combined, weighed 3,700 pounds. The radiator 
was on top of the cabin roof, and a cooling pipe 
for the circulating water encircled the boat below 
the water line. There was a power winch and a 
heaving bar for hauling or levering the craft out 
of soft ground. The gears were specially contrived 
to give numerous low speeds and to permit all com¬ 
binations of land drive and propellers. An out¬ 
board motor was provided as an extra for emer¬ 
gency, but was never used. 

The “Honukai” (Hawaiian for sea turtle) was 
used all summer with much success. It was a sleep¬ 
ing cabin for the Director, running up the beach 
and into the grass flat to take its place beside the 
tents. In high winds there was no flapping, an ad¬ 
vantage over a tent. As it could run ashore in a 
surf, it needed no harbor, an advantage over a 
boat. It was used as a tender to carry freight to 
and from shore and the “Geographic.” It made 
two short inland trips over hard tundra and grass 
flats. It made one long beach trek moving camp. 
It made moves in water, loaded with baggage, of 
from fifteen to thirty miles, sometimes under its 
own power alone, but usually with its propellers 
going and coupled by a tow-line to the “Geogra¬ 
phic” when moving camp. This was to keep the 
boats together, as the “Honukai” made only four 
miles per hour and the larger boat made about six. 
Other uses for the amphibian were the hauling of 
piling by sea, and alders by beach, for firewood; 
also trolling, hauling a beach seine, and excursions 
in shallow water where wheels and propellers were 
used alternately as the depth required. 

Start at Bellingham 

At the outset in April, the expedition convened 
in Bellingham, Washington, and Mr. George E. 
Powell, designer and builder of the “Honukai” met 
us there. In Puget Sound a series of tests of the 
amphibian was made, and several changes were 
adopted. As there is no service station within 
many himdred miles of the Alaska peninsula, 
every possible repair had to be foreseen. Thanks 
to the King Cove experiment, the Hawaiian trip m 

the “Ohiki,” and the Bellingham tests, there were 

__ • 

no accidents seriously affecting engine or runnmg 
gear all summer, and in a nine-hour water trip on 
the west side of Pavlof Bay, July twelfth, the engine 
never missed a stroke. 

From Bellingham the party took leave of Mr. 
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Powell, whose last shout in stentorian voice was 
**Honukai,** and were transported to Squaw Harbor 
on the Pacific American ship “Catherine D.” Here 
a preliminary camp was made, the field men joined 
us, and Mr. A. H. Bradford, superintendent of the 
cannery, kindly supplied scow and tender, the 
“Warrior,” to tow us to Canoe Bay. 

Squaw Harbor or Baralof Bay is on the east side 


of Unga Island in the Shumagin group, south of 
that part of the peninsula which surrounds Heren- 
deen Bay and Port Moller. West of these places, 
and all around Pavlof Bay, is the country selected 
for our exploration. The area mapped extended 
west from a straight line drawn across the peninsula 
north-northwest from Unga; the western boundary 
is a north-south line between Cape Leontovich on 



Drawn by A. H. Bumstead 


Figure 22. Area mapped by Porlol expedition. 
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Bering Sea and Bold Cape on the Pacific, This 
area is roughly about fifty miles square. 

The old small-scale Russian charts of the interior 
of this country are quite erroneous. On the Bering 
Sea side, “Garfield Bay” and “Gerstle Bay” do not 
exist. The long glacier represented extending west 
from Pavlof Volcano is a great field of aa or clink¬ 
er lavas, which to early charting ships, must have 
resembled a glacier in the sno\vy season. The big 
mountains marked west of Herendeen Bay are en¬ 
tirely misplaced, in a region which is a sloping 
lowland. And the six lakes shown south of Nel¬ 
son's Lagoon amount in fact to a vast flat contain¬ 
ing above five hundred lakes and ponds. On some 
maps there is an “Otter Bay,” extending northwest 
from the head of Beaver Bay, and recently men¬ 
tioned in the Coast Pilot Notes. Otter Bay is only a 
valley. 

Canoe Boy 

That the reader may have some notion of places 
and distances in this peninsula, which generally 
looks very slender and small on the maps of North 
America, let me point out that we were towed 
seventy-five miles by the “Warrior” to reach Canoe 
Bay, an eastern arm of Pavlof Bay, from Squaw 
Harbor. It took us all day, starting at 3:00 a.m. 
It was eleven o'clock at night when we were finally 
unloaded, the “Honukai” and the horses led down 
a gang-plank from scow to beach, and the scow re¬ 
turned to the anchored tug. We named the brook 
where we camped Ness Creek, in honor of the 
sturdy Swede, Captain Ness of the “Warrior,” who 
did all in his power to give our expedition a good 
start. 

Canoe Bay is a glorious place. North is a fine 
snowy volcano with its cup crater in full view, 
rugged encircling outliers, and sweeping wash fans 
leading down to the waters edge, covered with dark 
purple tundra. Dana Volcano, (for so I named it 
after our greatest American geologist and student 
of volcanoes) is 4,300 feet high, about the same 
size as Vesuvius or Mount Pelee. East there are 
scarped mountains, showing geology of southeast¬ 
erly dipping sediments, and a fine valley with flood- 
plain river meanders which drain into the head of 
Canoe Bay. South there are other rounded moun¬ 
tains, where we found fossil leaves in slate, of oak 
and poplar and evergreens. These show what a 
forest once covered this part of the world, where 
now there eure only alders and willow, mosses, 
grass and flowers. There are also marine shell fos- 


sik in some of the strata. These and the leaves 
will probably prove to be early Tertiary in age, 
the strata bearing lignite coal of what is called the 
Kenai formation. Canoe Bay is a landlocked body 
of water, with a narrow tidal channel, the “Pass,” 
leading into it at its western end. It is like a baby 
Mediterranean, ten miles long. It is surrounded 
by fine beaches, and the inner basin is very shal¬ 
low, with a second tidal narrows leading to it. 

Animals and Birds 

Our camp, at a cove protected by three islets, 
had fine clamming flats spread before it when the 
tide receded, and on the islands were scores of big 
olive-drab gull’s eggs, flecked with brown. Hard 
boiled these are good, scarcely distinguishable from 
hen’s eggs in flavor, and entirely without any fishy 
taste. There are several types of clams, and the 
reef clams scalloped with bread crumbs were par¬ 
ticularly satisfying. Caribou, hair seals, and bears 
are abundant. We had not been in camp an hour 
before we saw tracks of red fox, caribou and big 
brown bear. The caribou were in small bands 
from two to nine, where first encoimtered to the 
south and east of Canoe Bay. At some islets near 
the inner narrows there was a colony of hair seals, 
who splashed about our boats with great uncon¬ 
cern. Later we saw some of these almost white, 
when lying dry on the rocks, and the cook caught 
and lost a baby seal. 

These little fellows become very tame. I saw 
one in the possession of some salmon trap watch¬ 
men, and they kept him, unconfined, in a box by 
the brook. He would make a child-like moaning 
sound when hungry, and if trout were to be had, 
he was fastidious, and refused to be fed on salmon. 
These men would get out a pole and catch tiny 
trout for him in the creek, and the live trout would 
go wiggling down the little seal’s throat. Then 
he would be carried across the stony beach to the 
sea by one of the men, and off he would go for half 
the night by himself, living his life in his native 
element, only to return at dawn or sooner to his 
home in the box. And soon after daylight he was 
clamoring for trout. 

Comp Life 

The weather at the Canoe Bay camps between 
May 20th and June 8th was better for simshine 
than at any later time in the summer. But it was 
raw and cold. The thermometer was 34® F. with 
snow May 24th; there was driving snow and sleet 
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the evening of the 27th, and the next morning the 
country waa covered with fresh snow down to the 
shore. Several times there was ice on the water 
bucket in the mornings. June and July developed 
increasing easterly rainstorms, very unfavorable for 
surveying and photography; and August was ah 
most continuously rainy and cloudy. We learned 
that for economy the scientist in southwest Alaska 
should provide laboratory work for rainy days, and 
comfortable quarters for working. 

There is not a tree in the whole country, but 
fortunately the wreckage of salmon traps due to 
winter storms strews the beaches with good north* 
west pine (Douglas fir). Aiders make good fire* 
wood for interior camps. Food is excellent in 
camp nowadays, thanks to eggs that keep, evapor¬ 
ated potatoes, canned sweet potatoes and spinach, 
evaporated eggs for inland trips, pea meal for 
soup, remarkable cooked ham without bone in 
large tins, powdered milk, and tinned butter of 
first quality. “Sourdough” hot cakes are essential 
in an Alaskan breakfast. The high grade evapor* 
ated apples make applesauce indistinguishable from 
the product of fresh apples. If heavy weights are 
not objectionable, tinned goods offer an endless 
variety of soups, meats, jams, fruits and vegetables. 

Camp life was full of amusing incidents. The 
three A-tents were promptly marked Doc, Dick, 
and Mac, for the leader, the photographer and the 
topographer respectively. The two large tents each 
with a stove, became the “biUl” tent and the “cook’ 
tent, the former for conventions and the latter for 
feasts. The convening led to hangings up of film 
negatives to dry, long discussions of bears and 
beasts and birds and fish, song quartets, stories 
that ranged from the tropics to the poles, and much 
thumbing of plants spread between the strapping 
boards, and of Mac’s maps as they gradually took 
form and displayed how the rivers and divides 
really go. 

Each topographic trip of Mac and Pete, and the 
two horses Ted and Midget—bald faced little blacks 
with white stockings, as pretty a pair of pet horses 
as ever packed a load—^was full of adventure. 
Pete, son of the Russian Aleut chief of Unalaska, 
a youth who had never handled pack animals, be¬ 
came a cowboy in the course of the summer. The 
horses grew fat on the Aleutian grass; even the 
coarse beach grass attracted them. The first trip 
took the mappers across the mountains to Beaver 
Bay, where they found low ridges of ancient green¬ 
stone; on this excursion of six days they saw twen¬ 


ty caribou, three foxes and three bears. Their 
next trip to the mountains northeast of inner Canoe 
Bay discovered forty-two caribou and three more 
bears and they climbed nearly to the summit of 
Hoodoo mountain, a peak with fingering pinnacles, 
apparently an eroded columnar intrusion within 
the sedimentary series. Mac brought the horses 
back on the north side of Canoe Bay, where the 
rest of the party joined him at the pass on June 
11th and made a base camp. 

The third “spike” camp trip of McKinley and 
Peter was the hardest of the summer, into the 
marshy lands across the peninsula, from Canoe Bay 
pass to Nelson’s Lagoon, an arm of Bering Sea. 
After hearing their account, those of us who at¬ 
tempted to drive the amphibian truck that way re¬ 
joiced that we had turned back. The horses went 
down again and again in the muck, and on one oc¬ 
casion “Ted” went clear over in a hole, with the 
precious alidade instrument under him and his 
four legs in the air. But Mac knows how to handle 
horses; the mare was whinnying beside her chum, 
and everything looked black. By sheer force they 
rolled him over, hauled on his rope, lifted him by 
his tail, dug a grade up the ditch-side with the 
axe, and he gave ten jumps and was out. 

On this trip they saw the long slopes of the foot¬ 
hills of Dana Volcano to the north and determined 
the fictitious character of the hachures showing big 
mountains near Nelson Lagoon on the old chart. 
They found thick deposits of old glacial and wash 
material, and looked out over 250 square miles of 
swamp lands and low ridges, with many hundred 
lakes, in the lowland that separates Pavlof Bay 
from Bering Sea. They came across a mother bear 
and three cubs, and counted forty caribou. 

An Unexpected Bear Hunt 

May thirty-first was a day of unexpected adven¬ 
ture on Dana Volcano. We had crossed Canoe 
Bay, anchored the “Geographic,” and tramped up 
the long hard purple timdra slope, making for the 
cup crater in snow, by way of a snowy spur. We 
could see the nigged horse-shoe of cliffs back of 
the crater. We wanted to see “Knutson’s Lake,” a 
crater pond deep inside the bowl, which had been 
reported to us by a visiting sportsman. Dr. Knut¬ 
son. When a thousand feet up and well into the 
lower snow drifts, John suddenly stopped and eisked 
for my field-glasses. Then he said, “You see that 
track in the side-hill?” I looked and saw a bear 
track a half-mile away, leading to a dark depres- 
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sion, both track and depression being in deep snow. 
“Well,” said John, “that pit is a bear.” He pointed 
out that as there was no track leading away from 
the hole, and there was a track leading to it, and a 
bear had made the track, therefore the bear was 
still there. Relentless logic. 

My Neumann three-barrel gun was on my shoul¬ 
der, a big bear would be a desirable object of na¬ 
tural history to collect, the season was right for the 
best of fur, and it soon became evident that the 
bear was big. We found the track, and it was six¬ 
teen inches long and nine inches wide. I was 
faced with the necessity of being a good sport and 
turning hunter. So I told John to lay out the hunt. 
I had ten cartridges for the rifle barrel and mine 
was the only gun in the party. The wind was blow¬ 
ing down the mountain. The bear was on the hill¬ 
side to the right of the spur we proposed to ascend. 
After the fashion of his kind, he slept daytimes 
high among the snows, coming to lower levels for 
feeding in the evening or early morning. He feeds 
on plants, berries, fish, or whole families of poor 
little ground-squirrels, whose nests in a hole under¬ 
ground he digs up. We knew he would not stir, 
as it was midday, unless he scented us. 

We clambered across a gulch, up a snow slope 
going in up to our knees, and got on top of the 
spur. To our right down a steep snow-covered 
slope was the sleeping bear. He was half-way 
down, in a round pit of his own digging, and below 
was the bottom of a V-shaped gulch, all lined with 
snow except for one or two patches of slide-rock. 
We tiptoed out on the angle at the lop of the slope 
and had a look at him. He was a bear, sure 
enough. He lay flat on his back three hundred 
yards downhill, his head toward us, his paws folded 
on his chest, tawny in color, his sharp nose making 
him look like a big smiling collie dog with an un¬ 
usually big ruff. He was uneasy, moved about a 
little and lifted his head. Perhaps he heard or 
smelled something, but we were down wind, and 
we withdrew in order to approach closer higher up 
the spur. This we did, over a snow comice that 
looked down on the bear a hundred yards away. 
I thought over some tests of the rifle we had made 
in camp, loosened up the pocket that contained my 
cartridges, slipped some slug and buck into the 
shot barrels in case of emergency, and slid one of 
the big, juicy 45-70 soft nosed shells into the 
breech. 

Then I looked at John and he said, “Good luck, 
Doc,” and I dug in ahead, in rubber boots, down 


the snow slope. I cheered myself with the reflec¬ 
tion, “This is what the hunting books call ‘danger¬ 
ous big game.’ ” I came over the cornice and there 
was the bear, his side toward me, appearing a 
straight dark line in the downhill slope, and not an 
easy shot as most of him was down the hole. After 
that things happened rapidly. Dick was behind me 
with camera in hand. I fired and the bear rose up 
and lifted his hands just like a man. And then he 
sized up the situation and plunged down the slope. 
Near the bottom he stood on his hind legs, looked 
enormous, and I let him have two or three shots and 
broke his right hip, the bullet emerging at the ab¬ 
domen along with great quantities of blood. This 
was a mortal wound and his trail in the snow was 
immediately crimson. He fell, whirled, and stum¬ 
bled on down the gulch and up the opposite side, 
dragging his great muscular crippled hind leg, 
spattering the snow with blood, and lumbering 
ahead with the other three legs. Everything was 
in wide open country so that the scene was dra¬ 
matic. 

The bear found he could not escape, so he dug 
in and made rapidly with his fore paws another pit 
in the white hillside, throwing out barrelsful of 
bloody snow, until he literally stood on his head 
in the hole like a circus bear, with his two hind 
pattes sticking up. Then he turned over and sat 
in the pit and looked at us, and he looked very 
much alive. John and I approached to within a 
hundred yards, and I gave him three more bullets. 
Each time he would slap the place where he was 
hit, in shoulder and flank, but still he survived. 
My cartridges were about exhausted. I had shot 
eight or nine times and made four or five hits. The 
situation now was that we had to deal with a badly 
wounded great brown Kadiak bear. John assured 
me that the animal would not make a rush at close 
quarters unless he were in alders, but I was in no 
hurry to close up. I had no means of knowmg 
how badly he was hit. So we sat down and opened 
our luncheon kit, on the slide rock across the gulch 
from the bear. I had shotgun shelb left. 

After half an hour old “Ebenezer,” as he has 
since been named, began to look a little tired- He 
rested his head on his paw at the edge of his snow- 
hole and breathed hard and slobbered. So wc 
went up close and put him out of his misery with 
a slug and a charge of buckshot. It took both to 
finish him. It required our united efforts to roll 
him out of his pit down to the bottom of the glen 
for skinning. 
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The next day we returned with the amphibian 
truck, crossing Canoe Bay as a boat, mounting the 
beach, grassland and hillslope as a wagon, and 
climbed the hard tundra for two hours along the 
great wash'fan which is a distinctive feature of 
these Aleutian volcanoes. We reached a snow drift 
at elevation 400 feet, then continued two hours on 
foot. The bear was duly flayed, and his carcass 
reminded one of a mighty pugilist, with gigantic 
biceps and leg muscles. As he was skinned for 
mounting, skull and leg bones were preserved, and 
John carried the hide while the rest of us took the 
bones back to the “Honukai.” The skin was a 
very heavy pack; I could barely lift it, yet John 
carried it easily for an hour and a half. It meas¬ 
ures nine feet, ten inches from nose to tail, twelve 
feet, ten inches across the diagonal, and the head 
is two feet, two inches long. 

The “Honukai” brought the trophy back to camp. 
Bbenezer has now gone to the Cleveland Museum 
for moimting. 


Geology of Dona Volcano 


Dana Volcano, 4300 feel high, is covered with 
fragments of light-gray and pink andesite, vesicu¬ 
lar and largely resembling pumice in its lightness. 
The fragments are angular and lie all over the 
spurs. The tundra is hard with black volcanic 
sand between the moss clumps. The spurs so sur¬ 
faced are grctat wash-fans, dissected with deep 
gulches on each side, or sometimes down the mid¬ 
dle. The gulch sections show earthy layers. At the 
bottom of the gulch east of “Ebenezer s, next to a 
southern wash-fan, about forty feet of slate and 


sandstone outcrop appears, dipping at a low angle 
south-southwest. 

It is apparent that the Tertiary rocks (Eocene) 
go under the volcano, for in the river bars of the 
torrent that makes a canyon through a western 


wash-fan, I found sandstone specimens carrying 
fossil shells of this formation. And this stream has 


its origin in the crater. The great sweeping wash- 
fans were found on Pavlof and Dutton Volcanoes 
later, but not on the sedimentary and intrusive 
mountains. They are volcano features, presumably 
flood-wash from a time of explosive eruption. 


Ccmoe Boy Explorotions 

In the Canoe Bay camps at the shallow inner 
end of the bay, we used the Honukai as a home 
for two men, on one occasion anchored, and on 
another ashore, and we travelled beaches and tide 


shallows. When she stuck in eel-grass, we waited 
for the tide to float her off—when she stuck in 
beach clay, we jacked and blocked her off with 
mats and boards. The beaches were often treach¬ 
erous. An attempted trip north overland in her, 
on the western foothills of Dana Volcano, was a 
failure. We travelled a mile or so, but the “nigger- 
head” tundra became coarse with deep ditches, 
beyond was quaking swamp, and no existing trac¬ 
tor could have made it. As reported above, even 
the horses came to much grief in that country. 
We had a glorious cloudless day June 8lh, explor¬ 
ing Wolverine Gulch, south of inner Canoe Bay, 
between sedimentary mountains showing thick in¬ 
trusive sills of igneous rock. Far off to the north¬ 
east we saw Hoodoo Mountain, with its remarkable 
fingering spires. A wolverine crossed the slope 
beneath us, and far up amid the snows was a lone 
caribou doe and her fawn. One of the near intru¬ 
sive sills weathered into spires. This was inter¬ 
esting as giving a clue to the possible structure of 
Hoodoo Peak, and of the great cathedral mountain 
we were later to see west of Pavlof. Dipping to 
the south-southeast were slates below, sandstones 
and conglomerates higher up, and all capped by 
over 100 feet of gabbro-diorite. The sediments 
carried both shell and leaf fossils. This descrip¬ 
tion might serve for a score of mountains in this 
country, with the dips changing. The strata are 
in flat or pitching folds with axis usually trending 
west and east. And always they are cut by igneous 
rocks. 

The next day, while exploring a mountain north 
of the valley at the head of Canoe Bay, we saw a 
band of ten caribou in the grass flats of the valley, 
the animals spread out in a hollow square as 
though on exhibition drill. Nearer to us in a 
green dell was a lone doe. And on the other side 
of the mountain, while we were descending and still 
half-way up, John quietly remarked, while we were 
resting, “Talk about bears. I hardly like to show 
them to you; for there is no earthly way of getting 
at them!” He pointed. We looked. Up the val¬ 
ley, on the same hillside with ourselves, but with 
deep gulches in between, there was a big old mother 
brown bear and her three two-year-old children. 
The sons and daughters were by no means small. 
Two of them lay together like two pigs in a sty. 
The others were “weaving about,” as John put it, 
grubbing in the alders, digging, and all produced 
the effect of a whole herd of bears. I began to 
wonder whether we could get back to the boat with- 
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out stepping on a bear—rain was coming on, and 
prevented our making an effort to get near enough 
to photograph them. The mountain became “Four- 
Bear Mountain” and the valley “Four-Bear Creek.” 

From one of our trips to the head of Canoe Bay 
we returned through the narrows against a head 
tide, making strong rips, and against a head wind, 
which put the seaworthiness of the amphibian to 
a severe test. The craft stood it remarkably, push¬ 
ing slowly ahead in spite of the current, riding the 
standing waves of the rips without shipping any 
water, and then emerging into the lee side of the 
bay and bucking the seas for the rest of the trip. 
The job looked so precarious that Stewart was 
moved to put on one of the life-preserver cushions. 
The run out into the large Pavlof Bay through 
Canoe Bay Pass was another strenuous struggle 
with tide rips for a small boat. 

The Move to Jackson's Lagoon 

Arrived outside the Pass, a camp was made, and 
there was a long wait for weather good enough to 
cross the north end of Pavlof Bay. One abortive 
attempt was made to start, but southeast wind arose 
and drove us back to harbor. The next objective 
was Jackson’s Lagoon, a shallow inlet west of the 
head of Pavlof Bay, and a base for Pavlof Volcano. 
There is a hard sandy beach along the north shore 
of Pavlof Bay. June twenty-second the move was 
finally made, McKinley taking the horses, Jaggar 
and Stewart driving the amphibian on the beach 
twelve miles, and the others sailing in the “Geo¬ 
graphic.” The latter had trouble, as a stiff south¬ 
easter sprang up, the exhaust pipe sucked sea-wa¬ 
ter into the engine, and John was obliged to anchor 
amid bowlders on a lee shore and take the engine 
apart. He succeeded, however, in getting going 
again and after a long wait for high tide, brought 
the “Geographic” with the camp stores safely into 
Jackson’s Lagoon. 

The “Honukai” travelled on the high gear part 
of the time, on the main beach and on the rippled 
low tide flats, and stuck in soft ground only once. 
As there was a headland requiring a water traverse 
at the end of the trip, and the sea was too rough 
for safety, the bed-rolls were transferred to the 
horses and we walked the last three miles. The 
“Honukai” was brought around on a calmer day. 

In May and June we had several fine days when 
from hilltops we had looked across Pavlof Bay and 
had seen the two pure snowy cones of Pavlof and 
Pavlof Sister, a pair of perfect white pyramids 


side by side, with a smaller mountain of twin 
rounded breasts off to the north, known as Trader 
Peaks. At Jackson’s Lagoon we were northeast of 
and directly under Pavlof Volcano, and our inland 
trip took us to the slope of Trader Mountain. The 
facts about the activity of Pavlof Volcano are hard 
to obtain, for natives, mariners and fishermen 
rarely remember dates. Pavlof was smoking vigor¬ 
ously from 1906 to 1911, according to an island 
trapper. This was exactly the period when Savaii 
in Samoa erupted. Pavlof came to a big crisis 
about 1911, with “fire” pouring -down the moun¬ 
tain, and alarming rumbles for several months. 
Bowlders were thrown into the air. The mountain 
was reported to have cracked open towards the 
north. 

Judge Driffield, U. S. Commissioner at Unga, 
gave me black sand that fell at Unga from Pavlof 
in eruption July 6th, 1914, between 2:30 and 6:00 
p.m. Judge Driffield is a radio amateur of note, 
and the wireless operator at Port Moller on the 
Bering Sea side of the Peninsula reported to him 
in 1914 that he could see several volcanoes erupt¬ 
ing, including Shishaldin and Pavlof. The ash 
caused complaints by getting into merchandise and 
machinery. The sky at the Shumagin Islands was 
darkened and two inches of sand fell. To show 
the difficulty of getting at the exact truth, and re¬ 
verting to 1911, reliable observers at Unga report 
that an alarming roar was heard, waxing and wan¬ 
ing, in the night December 6-7, 1911. This oc¬ 
curred between 8:00 p.m. and 4:00 a.m. 7^® 
noises were heard for about four days. A senes 
of earthquakes is recorded in Driffield’s log book 

for December 31, 1911, at 12:45, 6 and 7:15 a.m. 
and 8:45 p.m., at Unga. This all sounds like the 
above-mentioned Pavlof activity of that year, but 
the Unga people were told at the time that the 
eruption was at “Black Peak back of Chignik. 
There were more eruptions of Pavlof about 
her of 1917, with dust falls, and a severe earto- 
quake at King Cove. And yet others, when ® 
mountain showed “flames,” about 1923 in ® 
winter. All agree that there have been several 

falls of dust at Unga. 

So we have Pavlof smoke in 1906, big outbre 
in 1911 and 1914, activities in or near 1917 and 

1923; and probable sympathetic eruptions of other 
volcanoes both east and west in 1911 and 19 
These facts suggest volcanic outbursts in this re^on 
every four and a quarter years at least. Shish 
and Akutan volcanoes to the westward were smo 
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ing” and **flaming" more in 1928 than in 1927. 
Therefore, as it was now more than four years since 
1923, the last of the Pavlof dates, it was probable 
that Pavlof would soon erupt again. The active 
period of 1906-11 reported above corresponds per¬ 
fectly witli the term of Bogoslofs great activity. 
Bogoslof resumed lava heaping and explosions in 
1926-7. Therefore, if there is sympathy between the 
Bogoslof and Pavlof vents this was another reason 
for expecting Pavlof eruption. 

Arrival at Pavlof Volcano 

June 26, 1928 all members of the Pavlof expedi¬ 
tion took their beds on their backs, piled tents and 
food on the horses, and clambered up about nine 
miles to a creek in the alders on the east side of 
Trader Peaks. A few days later we moved camp to 
a still more advantageous site, Divide Lake, right 
at the foot of the snowy slopes of Pavlof. 

As the boys were making camp at the first of 
these places, I was trudging behind, across an open 
meadow. I stopped to rest and took out my field 
glass, and scanned the face of Trader, To my delight 
there appeared three Kadiak bears on a snow drift. 
There was a mother bear above and two year-old 
cubs below, all bounding along the snow, alarmed 
by the campers. When the cubs would lag, the ner¬ 
vous matron would jump down and cuff them to 
hurry; and so they disappeared up the mountain. 
No pen can describe adequately the panorama that 
spread itself, when the clouds lifted before our camp 
at Divide Lake June 28th. On the left apd close at 
hand, the exquisite, pencilled cones of Pavlof Sister 
and Pavlof, much alike and glistening with ice. 
separated by a high saddle of crevassed neve. In 
the north face of Pavlof, the side towards us, a 
mighty gash or split, where the whole north rim of 
a former circular crater had fallen away. This let 
us see right inside the crater. 

The crater is about a quarter-mile across, and 
inside the opening lazy steam arose from an inner 
black cone, and from the contact of an inner lava 
field with a ring-shaped outer black cone. The little 
inner cone could be seen in perspective, with the 
lava field around it. The cup on top was like the 
Cinder Cone at Lassen National Park. The outer 
ring was seen broken, in cross-section, falling away 
at the gash. This possessed a smooth-topped annular 
crater, concentric to the inner cone. Steam arose 
outside of this second cone and south of it. Lastly, 
outoide still farther, were the ragged rocky walls of 
the collapsed great crater, with jagged snowy Ups. 


This outer collar opened down the north side of the 
mountain just as a man's waistcoat opens at the 
throat, and so revealed the inner ring-cone as the 
shirt-collar and the innermost conelet as the cravat. 
Pavlof Sister showed a snow-filled gash, and a lava 
plug at the top. Right under Pavlof Crater at the 
base of the cone is a high lumpy jumble two miles 
wide and a mile deep in a southerly direction, where 
it grades up into the pure snow slopes of the moun¬ 
tain. 

At first sight one would mistake it for a clinkery 
lava flow or a glacial moraine. Its front is one hun¬ 
dred feet high and its black hillocks of andesitic 
gravel and bowlders a hundred feet higher still. 
Out from its abrupt lobate front—it lies like a delta 
under the crater gash—emerge three or four streams 
of water across a flat black wash-plain. The water 
comes from ice caverns under the jumble. The 
jumble proved to be the chaotic product of explo¬ 
sions at an angle from the crater, bombs and blocks, 
gravel, sand and ash, mixed with intercalated ice 
and snow drifts, partly true glacier and partly winter 
precipitation. 

The Aghileen Pinnacles 

But stiff the view is not nearly completed. The 
eye has swung from east to west, from left to right 
over the distant bay and islands, the lovely white 
cones, the crater, the jumble at its base—and now 
we look to the right. Here is something unbelievable, 
so fantastic, so marvelous in sculpture, so delicate 
in outline that nothing in scenery elsewhere remotely 
resembles it—the Aghileen Pinnacles. Just to the 
right of Pavlof are Hague and Emmons peaks, both 
snowy volcanoes, each as high as Vesuvius, while 
Pavlof is twice as high (8200 feet)—and on the 
west flank of PavloPs immaculate slope is Pavlof 
Little Sister, a subsidiary vent making a soft white 
lump that breaks the severity of a geometric pyra¬ 
mid. But now stiff farther to the right all this virgin 
whiteness is replaced by a tremendous turreted 
cathedral of black plutonic appearance, hemmed in 
by smooth-topped escarpments on the side of Bering 
Sea. 

There it stands, between these scarps on the one 
side, and the creamy Pavlof ensemble on the other. 
Jutting black minarets, spires, columns, in clusters, 
towers, domes. Snow drifts in the crannies, but there 
is little room for snow. Individual steeples rise from 
the great square tower in the middle of the Cathed¬ 
ral mass so slender, so utterly straight sided, like 
Giotto’s campanile only thinner, that it seems in- 
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credible they do not fall with the first breath of 
wind. Yet they have stood centuries of Arctic gales 
from the Bering Sea. And in the springtime, as I 
saw this Cathedral Mountain last year, these spir¬ 
acles are all white with ice, like fifty titanic icicles 
pointing heavenward. It is like a cluster of cathed¬ 
rals, Milan, Venice, Salisbury, Rheims, Cologne and 
Canterbury, all built high on a mountain in the 
loneliest place on earth, with a group of Fujiyamas 
standing guard beside them. 

This cathedral mountain mass is almost surely an 
igneous rock, probably laccolithic, a superb square- 
towered dentate ridge. The rock is black and in 
contrast to the bedded scarp of lavas or sedimentary 
rocks, with flat north dip, that makes contact with 
it towards the north. It is a core rock of some sort, 
probably gabbro-diorite, different from these strata, 
and different from the lavas and tuffs of Pavlof. 
The straight vertical quality of the fingering differs 
from the grotesque agglomerate “hoodoos” of the 
Yellowstone. There appears to be a somewhat hori¬ 
zontal layer or plane bounding the pinnacled struc¬ 
ture below, as though the bottom of the mountain 
were massive, and its entire summit region con¬ 
trolled in weathering by vertical columns. 

Geography of Pavlof 

After gazing at this marvelous landscape, we 
wished to explore it more closely. The first object 
of interest was the jumble under the crater, where 
could also be had a nearer view of the crater itself. 
The camp was on an open hillside at the south end 
of Trader ountain. South of it in the saddle between 
Trader and Pavlof lay Divide Lake, the beach a 
few paces from camp. This shallow lake had been 
dammed apparently by the eruption products from 
Pavlof, hurled against the base of Trader. It should 
be said that the two Trader peaks lie right on the 
line of the crater rift of Pavlof, about six miles to 
the north of the peak. Trader appears to be an erod¬ 
ed volcano, its rocks are volcanic so far as seen, the 
andesite lavas being cut by dikes, and showing in 
their profiles the character of volcanic cones. Next 
south of Divide Lake came the flat wash-plain and 
its streams, then the Jumble and then Pavlof itself 
with its twin sister next northeast of it and a high 
icy saddle between, both perfect cones and snowy 
to the base. 

Farther away on the south side of Pavlof, some¬ 
where near where “Pavlof Little Sister” makes a 
shoulder in the great volcano, the long southern 
lava flows have issued from vents or cracks on the 


mountainside remote from the north rift, as though 
the main cracks under the crater had vented bombs 
on the north and lavas on the south. This agrees 
with the story of 1911 that “fire” flowed to the 
south, and that the cone cracked open to the north 
and flung up bowlders. The arrangement is quite 
like Vesuvius in 1906, Ottajano destroyed on the 
north by bombs, Bosco Trecase on the south by lava 
flows. 

Ancient Glaciers and Eruptions 

We found in Caribou River, flowing from the 
Jumble off to the Nelson Lagoon country northeast, 
a torrential stream with nothing but volcanic pebbles 
on its bars, trenched between earthy bluffs that are 
partly glacial deposits and partly explosion debris. 
The glaciers of the past have covered this country 
in vast ice sheets, now reduced to small glacial 
tongues and neve ice on the big volcanoes. But all 
the flat waste land covered with lakes on the Bering 
Sea shore exhibits beautiful kames and drumlins, 
long ridges and perfectly lenticular hills, and the 
larger mountain valleys show old moraines, lumpy 
hills with knobs and pockets. The glacial sections of 
Caribou River show till above and even-bedded clays 
below. The volcanic sections higher up in the bluffs 
are full of pink, while or brown pumice fragments 
in an ash matrix, and some bowlders and mixed 
tuffs. The glacial beds wherever found, in contrast 
to the volcanic sections, have a great variety of 
rocks represented, in rounded or subangular peb¬ 
bles. On the north shore of Pavlof Bay the glacial 
till enclosed pebbles of porphyry, sandstone, slate, 
agate, jasper, a green breccia resembling jade, hya¬ 
lite and conglomerate. The volcanic bluffs are much 
more uniform, with vesicular andesite fragments of 
mostly one kind. They resemble the Lassen Volcano 
deposits of 1915. 

Strange Gravel Heaps 

An extraordinary kind of gravel heapings in per¬ 
fect cone shape was found on the river flats. Though 
studied from aU angles no explanation was found 
for these heaps. They were found in two different 
valleys near Pavlof. They were not found in valleys 
remote from the volcanic eruptions of Pavlof. Eac 
conelet is one to two feet high and three to six fe^ 
across the base. It consists simply of a perfect 
pile of volcanic pebbles with a conical top. The 
pebbles are of several sizes and different kinds o 
andesites. This variety of Uthology disposes of the 
possibility that the cones are due to big bowlders 
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that have slumped under decomposition. The heaps 
rest on the gravel flats of the river valley. There is 
no crack or hole underneath and no cup crater on 
top, to suggest that they spouted up a Assure. In 
some places a conical heap will be piled against and 
around a bowlder, as though the bowlder were there 
before the cone was formed, and got in the way of 
the cone-making process. A river bluff section at one 
place showed one of these cones cut in half at the 
top of the gravel section. The gravel was flat bedded, 
and the cross-section merely showed a pyramid of 
rather uniform cobblestones on top of the upper¬ 
most layer, with sand and gravel between the cob¬ 
bles. The effect of these heaps is exactly as though 
a gigantic fist full of gravel had allowed the pebbles 
and sand to fall in a vertical cascade, hour-glass 
fashion, at one spot on the river-bar, where the hard 
packed river gravels are quite different from the 
materials thus piled on top. 

A very similar type of cone exists at Kilauea 
Crater in Hawaii. They are of cinder, smaller than 
the Pavlof heaps, and rest on the ashy upland scat¬ 
tered indiscriminately in the country northeast of 
Kilauea. This parallel suggests that these heaps are 
somehow peculiar to a land of volcanic explosions. 
The Pavlof heaps might conceivably be produced 
by some winter combination of stream floods carry¬ 
ing gravel over deep snow. The gravel might slump 
in deep pockets of the snow during spring melting. 
If then the snow shaft full of gravel were dumped 
vertically by the snow melting entirely away, the 
gravel might take conical form. But this explana¬ 
tion applies not at all to the Kilauea case, where 
there is no snow. 

« 

Terraces* Plains and Lava Flows 

Another feature of the Caribou River of interest 
in relation to Pavlof volcano is the terraces. These 
are black cinder five or six feet above the river- 
bars, suggesting the fill of some recent big eruption, 
which built up the flood plain, and has since been 
cut into by the meanderings of the present torrent- 
bed. And now we must follow this stream up to the 
wash-plain and the Jumble. We emerge from the 
trenched valley and find ourselves on a great black 
plain extending across the whole saddle between the 
Trader peaks and the Pavlof peaks. It is like an 
enormous black sand and pebble beach. In front 
Pavlof volcano rises, steep, conical, snowy, its 
base passing under the deposits of the plain. We 
walk two miles beside a shallow rapid stream across 
barren flood-made flats of dark reddish scoriae and 


sand, with rills concentrating pinkish flour ash in 
places. In one place a lava flow rises above the gen¬ 
eral level of the plain. Here at the front of the flow, 
a branch of our river takes its rise in a clear pool 
where twenty cold springs gush from the solid rock 
amid bright green algae and whitish solfataric coat¬ 
ings. On a grassy islet in the pool a duck is nesting, 
probably an eider, with down lining the grassy 
nest, and seven buff-colored eggs under her. The 
lava field behind the front, which is rugged and 
twenty feet high, exhibits five big spiracles or crags, 
each ten or fifteen feet high, lying in a line rather 
evenly spaced, a few hundred feet apart up the 
course of the flow toward the volcano. Farther 
volcano-ward the flow is overridden by the wash- 
plain. 

Pavlof Jumble 

Following our river across the plain we find its 
source is a dirty ice cavern in front of the Jumble. 
The Jumble itself, when one gets close to it, proves 
to have a steep peaked front, lobate in plan, with 
bowlders on the slopes and ice cliffs here and there. 
Between the lobes valleys wind back into the Jumble, 
and the floor of the valleys is snow-ice. But the 
streams, such as the branches of our Caribou River, 
do not flow down the valley bottoms, but rather 
emerge from ice caverns and from the bottom of 
crevasses which extend under the valley bottoms. 
We step from the scoria wash flats beside the 
shallow torrent, on to the snow and ice of the 
Jumble and encounter a nearly circular crevasse 
and astonishing monticules, baby mountain ranges, 
of cinder ripple marks on the snow. Kick one of 
the cinder ridges, which are regular and a foot or 
two high, and the inside is pure white snow. Appar¬ 
ently the winds have distributed flocculent aggre¬ 
gates of the cinder over the snow ripple-fashion, the 
unprotected snow of the troughs has melted more 
than the heaped ridges, and so the snow itself has 
accentuated the pattern. There are acres of these 
monticules, suggesting models of mountain ranges. 

On either side the valley is bounded by hillocks, 
seventy-five feet high, of dirty ice, overlaid by heaps 
of huge volcanic bombs, fragments, gravel, sand, 
and bowlders. These piles rise a hundred feet 
higher, in disorderly dumps, as one penetrates the 
Jumble in the direction of the volcano. The river is 
left behind us, where it emerges along ice cracks 
and out from a cavern where the ice looked very 
old, with cinder stratified in it. Tlie floor of the 
valley we are ascending, on the contrary, is new 
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snow of recent winter snowstorms. This complex of 
old ice and new snowdrifts makes it difficult to 
interpret the Jumble in terms of glacial geology. 
Throughout the area of the Jumble there are cre¬ 
vasses, particularly in evidence in these longitudinal 
valleys. Sometimes they are transverse to the valleys, 
sometimes parallel. As one climbs to the hilltops, 
one looks over a sea of hillocks each fifteen to 
twenty feet high. The topography is without vegeta¬ 
tion, with sandy and bowldery slopes, crater-like 
depressions where the loose rubble has caved into 
ice crevasses, and a general morainic appearance. 
But the rocks are all volcano explosion products, 
sometimes showing bread-crust bomb surfaces. 

Povlof Cone and its Glaciers 

And right up the mountain is the great crater 
gash, its opening directed straight at the Jumble; 
and right and left in two or three miles the Jumble 
is replaced by slopes of ice and snow. Likewise up 
the volcano the Jumble is replaced by glistening 
glacier fields which are crevassed. These are over¬ 
lapped below by recent snowdrifts half masking 
black gravel ridges on the lower and flatter slopes. 
Both Pavlof and Pavlof Sister show radial black 
rock ridges with lava spiracles. These are crests of 
lava flows. In between the radial spurs there are 
unquestionably valley glaciers, which serve to 
smooth off the volcanoes so as to shape them to 
their present exquisite cone forms. The radial 
gulches are mostly concealed by ice. 

On one day John and Dick went off on the ice of 
the western high slopes of Pavlof to a mountain of 
black rock that breaks through the Pavlof glacial 
fields. The fog descended and they got lost amid 
fifty crevasses, without ropes or ice axes, and to get 
home they were obliged to jump ice cracks five feet 
wide, leading down into terrible black depths. John 
succeeded in finding a way out and back to camp, 
but the experience showed how difficult it would be 
to make an ascent of Pavlof. An ascent would 
require at least two successive days of cloudless 
mountains, and such a condition only happened 
twice between May and August, and not at all during 
the July fortnight of our Pavlof exploration. 

In the Jumble a sea-parrot, or some such bird. 
Hew off a lone egg on the cinder. The egg was elon¬ 
gated, two inches long, greenish yellow with brown 
spots, resting in a cavity of the sand. There was a 
bear-track close at hand. The sand of these recent 
eruptions is so loose that frequently it rises in 
whirling baby tornadoes. 


The crater of Pavlof puffs occasionally from the 
south side of the middle inner cone; some faint 
steaming appears about the innermost cone. About 
August 1, Pavlof appeared to be making much more 
steam than in early July, but the later date was after 
some heavy rains, which perhaps made contact with 
hot crateral lavas. There is a festoon sculpturing 
down the outside of the crater gash on the north 
slope of the volcano, suggesting a drip of lava from 
the magma that welled up after the last explosions. 
The explosions that made the Jumble and the river 
terraces may have been those of 1911. The two 
inner cones may have corresponded to the events 
that terminated in minor eruptions of later dates. 

In conclusion a word must be said about the big 
southern lava flows. The volcanologic details will 
await the petrographic study of the rocks. We 
remained near the Jackson Lagoon base camp until 
July 12th when a long sea trip of two days brought 
us to a camp at Dushkin’s Lagoon on the north 
side of Volcano Bay. This country is south of Pavlof 
volcano. Flat ridges of columnar basic gabbroid 
rocks make picturesque palisades along the coast. 
Under them the lignite-bearing shales and other 
sedimentary rocks are full of plant remains and 
fossil tree trunks. On July 21st I stood on a grassy 
plateau on top of these palisades and looked toward 
Pavlof from the south. The snowy hump of Pavlof 
Little Sister stood on a spur of the snowy cone 
toward me. The big “Sister” was out of sight behind 
the main cone. To the left was Mount Hague, a third 
snowy cone with a crater cup, over 4000 feel high. 
Still farther to the left was another great snowy 
mountain, apparently a cone, equally high, Mount 
Emmons. And then a wall of non-volcanic peaks 
shutting off my view of the Pinnacles. 

The great I.ava Flows 

But the all-engrossing subject in the panorama 
was a colossal tumble of lava flows, flood on flood, 
heap on heap, older to the right, younger and fresher 
and more cruel looking to the left. These extende 
back among the foot hills, lava cascade behind lava 
cataract, in steps for eight or nine miles, the stony 
rivers bending off to the eastward, in the direction 
of Pavlof proper, as their upper reaches disappeare 
among the valleys. No wonder the early Russian 
surveyors called this a “glacier,” if they saw it from 
the sea during the snowy season! The front of cs® 
aa or block-lava flows lay on two separate river 
flood-plains to the right and left of the table- 
where I was standing. No water could be discern 
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flowing on the lava surfaces, which were shaped in 
plan like great ivy leaves overlapping each other, 
the stems back in the hills. The tops of the flows 
were rugged blocky slag-heaps in a myriad shapeless 
hills. From under the fronts, along five miles or 
more of precipitous lobes, there poured at least 
seven rivers that meandered within big grassy flood 
plains to the sea. The bigger plains were to the 
north, the rivers that drain into Long John Lagoon, 
west of the entrance to Pavlof Bay. The smaller 
ones were to the west, holding the streams that 
reach Volcano Bay from the north. 

The youngest of the flows, on the west side, is a 
heavy blocky andesite broken into angular surface 
bowlders. In detail it recalls the lava field of Cinder 
Cone near Lassen. It has moss on its front and 
somewhat in its interior, but its upper portions 
might be very recent. The front looks a century or 
more old, but without experiment on plant growth, 
such a statement is pure guesswork. At one place 
in the interior of the flow exploration revealed blue 
pools of cold ice water, feeding a short torrent 
through the lava gulches. This stream lost itself 
down cracks a quarter mile below. The older flows 
have more grass and moss, are on the east side of 
the great delta of lavas, and appear to have three 
times the volume of this latest fiery torrent. 

The Last Bear 

It is fitting that this story should end with a bear. 
On this same July 21st, I was alone and walked the 
length of the plateau toward the west over open 


tundra in order to get the view from its highest 
point. Here the palisade edge of the tabular hill 
fell off to the valley where I was camped. At the 
time all the others of the party were away and I 
was keeping camp alone. The steep cliff was covered 
with alders, but both the valley bottom and the 
upland were open, covered with violets, buttercups, 
wild hyacinth, lilies, flags, blue-bells and a hundred 
other flowers. In the late afternoon, ready to go 
home, I selected a gulch a few feet away through 
the alders down the cliff that looked somewhat open 
and started along the upper cliff-edge toward it. 
At the same time a bear, lying down in the alders 
below, disturbed by the noise I made, but seeing 
me not at all, decided to seek safety by bounding up 
the very opening I was headed for. 

I looked through the alders and saw a big yellow 
animal like a panther leaping noiselessly upward 
just a few feet in front of me. Had I kept on my 
course I would have walked right into him. I threw 
a shell into my gun, turned sharply to the left to 
reach the cliff top and emerged into the open tundra. 
At exactly the same moment the bear emerged fifteen 
feet from me. He was a two-year old Kadiak bear 
about seven feet long, and as it was late summer his 
hide was tufty and his head mangy-looking and 
ugly. He saw me for the first time and stopped dead. 
I also stopped and presented arms, determined to 
let him go unless he attacked. Neither of us spoke. 
After a few seconds he gave a hiss and bounded 
away behind some bushes on the tableland and 
was gone. 
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CHAPTER XVI 

Our Cascade Mountains Are Not Dead 


The Cascade Mountains extend from northern 
California across Oregon and Washington. Lassen 
Peak is situated at the extreme southern end of the 
range; the northern extremity extends past Mount 
Baker into British Columbia. This range, 500 miles 
long and 50 miles wide, runs parallel with the Pa* 
cific Coast about 120 to 200 miles inland, and its 
peaks rise 5,000 to 14,000 feet above sea level. The 
eastern border shows monoclinal structure due to 
the tilting of fault blocks. Russell suggests that the 
lava composing the Cascade Mountains, more espe* 
cially in Washington, is an extension of Columbia 
lava, which was poured out in successive sheets and 
afterwards broken, and the blocks thus formed tilted 
at various angles. However, they are not wholly com* 
posed of lava; there are Tertiary rocks of unknown 
age beneath the lava which have been raised and 
tilted by the same disturbances. Much of the north¬ 
ern portion of the range is free from lava, the rocks 
being largely granite and schist, showing that the 
range as a whole is not of volcanic origin. 

The great volcanic peaks hereinafter discussed are 
of a later date than the uplifting of the main Cascade 
Range, and owe their origin to the escape of molten 
material through fractures which were formed at 
the time of the disturbances. The conclusion that 
these peaks are of volcanic origin rests in some in¬ 
stances on their general appearance and their occur¬ 
ence in a volcanic region. None of them is an exam¬ 
ple of very fresh volcanic activity with the exception 
of Lassen Peak. Most of these peaks have craters 
at their summits or on their flanks. They are for the 
most part the result of Tertiary eruptions and have 
been modified by erosion, have developed glaciers, 
and dominate the neighboring mountains. 

During the summers of 1924 and 1926 there were 


floods from Mud Creek, which drains the Konwa- 
kiton Glacier on the south slope of Mount Shasta. 
Owing to the depth of the mud deposited by the 
floods, trees were killed over hundreds of acres, 
roads buried, and railway traffic interrupted, while 
the drainage system into which Mud Creek flows 
was contaminated by mud for 75 miles. 

The floods were due to the rapid melting of the 
Konwakiton Glacier. The glacier rests on a thick 
deposit of unconsolidated volcanic ash. Mud Creek 
always carried a great amount of this ash. Light 
snow falls of the winters preceding the mud flows 
allowed the summer sun to cause more rapid melt¬ 
ing of the glacier than is common. The floods in 
Mud Creek were the result. 

Some press reports, written by correspondents a 
considerable distance from Mount Shasta, attribute 
the rapid melting of the glacier to an increase in the 
volcanic heat of the mountain. Nothing has been 
found to support such a contention. The hot sprmgs 
on the summit of Mount Shasta are steaming much 
the same as they have been for years. The highest 
temperature found at these springs, on June 18, 
1928, was 180° F., or a little below the boiling point 

for an elevation of 14,000 feet. 

Mount Shasta is probably typical of the peaks of 
the Cascade Range. It is a volcanic moimlain 
which has suffered from erosion caused by streams 
and glaciers. It is 14,380 feet above sea level and 
its summit is 4,000 feet above the timber line. 
Small glaciers are still present on its sides. On the 
west end, 2,000 feet from the summit, is a cone 
with a crater in its top known as Shastina. On ffie 
lower slopes are similar craters, some built of cin¬ 
ders, some of lava. The mo untain itself is com 
posed of lava flows with a minor quantity of scoria. 
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On the flanks of Shasta are well defined lava 
streams which still retain their original rough sur¬ 
face. The longest and most copious of the more 
recent lavas that flowed from Mount Shasta started 
at an elevation of 5,500 feet. This stream divided 
into two branches, one of which was 12 miles long. 
The other entered the canyon of the Sacramento 
River and reached a distance 50 miles from its 
source before it cooled. This stream is of ancient 
date as is shown by the erosion* the river has been 
able to perform in making a new gorge 100 feet 
deep through the flows. These lava streams, how¬ 
ever, show no evidence of having been glaciated, 
and are considered as being of more recent date 
than the time when the glaciers starting from the 
summit reached the plain below; they are subse¬ 
quent to the gldcial epoch. Besides the two princi¬ 
pal vents, there are numerous subsidiary ones. 
There is no history of eruption within memory of 
man. 

Lassen Peak, the most recently active volcano in 
continental United States, is 10,453 feel above 
sea level at its summit and marks the terminus of 
the Cascades. The Lassen Peak district is crossed 
from northwest to southeast by a belt of volcanic 
cones about 50 miles long and 25 miles wide. The 
Cinder Cone is closely connected with Mount Las¬ 
sen and shows at least two periods of eruption sep¬ 
arated by a time sufficiently long to allow 10 feet 
of infusorial earth to accumulate on the ancient 
bottom of Lake Bidwell. The first period was one 
of explosive eruptions which formed the Cinder 
Cone and ash field; the second was quiet effusion 
of a large mass of lava. The whole aspect of the 
Cinder Cone is new, but the evidence demonstrates 
that the earliest eruption occurred before the be¬ 
ginning of the 19lh century. Its age is shown by 
the relation of the old and new forest trees to the 
volcanic sand of the first eruption. The living 
trees grew on the top of the sand but the dead ones 
were standing at the time of the eruption and grew 
from the soil beneath the sand. This evidence was 
thought by Russell to show that the first eruption 
occurred some 200 years ago and the second -more 
than 75 years ago. The most recent activity oc¬ 
curred 1914-1917 at Lassen Peak in the form of ex¬ 
plosive eruptions. Ash was thrown out and large 
steam clouds were observed. The crater floor was 
upheaved, rough lava overtopped the rim, and an 
explosion hole 1000 feet in diameter was formed. 
These eruptions were accompanied by blasts from 
the crater which leveled trees in their path. 


The history of Mount Pitt in southern Oregon is 
similar to that of Shasta. It forms a beautifully 
regular volcanic cone which shows the remnant of 
a crater at the summit. 

Mount Hood, 11,225 feet above sea level at its 
summit, is in northwest Oregon. Its summit re¬ 
tains only a portion of the crater walls. In 1888 it 
was reported that there were still fumaroles on the 
northeast slope, and steaming rifts on the side near 
what is known as Crater Rock. Sulphurous fumes 
were very strong. A peculiar phenomenon was 
noticed in the occurrence of a fumarole in the 
deeply snow-filled crater. Mount Hood was re¬ 
ported in eruption in 1859 and 1865 (Jillson Geog. 
Review, June 1917). A resident reports there was 
fume from Mount Hood the whole summer about 
1886. 

Mount Adams, 30 miles north of the Columbia, 
is deeply truncated at the summit and its slopes are 
scarred. It is very broad—possibly due to the 
great size of the original crater, or possibly to the 
collapse of the top. Authentic history is unavail¬ 
able, as it has not been much studied. It has radi¬ 
ating glaciers. 

Mount St. Helens (9,671 ft. high) is of regular 
conical form, which suggests that it may be young¬ 
er than Mount Adams. Reports of frontiersmen 
say that it was in activity in 1841-42. There is ap¬ 
parent from a distance the track of a lava flow 
which cut its way through the forest for miles. There 
is also discernible a lava flow northward for about 
20 miles through the timber. This flow left many 
interesting tree moulds in its path. When the last 
flow took place the lava appears to have passed 
over wet places, or areas where the steam generated 
escaped at the surface leaving what are termed 
“blow-holes.” 

Mount Rainier has a bowl-shaped crater almost 
circular in form and now filled with snow. Ad¬ 
joining it are the remains of an earlier crater in 
the interior of which the more recent one has built 
itself. There are exposed areas of black lava free 
from snow, evidence of internal heat at no great 
depth below the surface. Countless small jets of 
steam and gas are present around the interior rim 
of the crater. No recent eruptions are recorded. 

Mount Baker is the most northerly of the vol¬ 
canic mountains of the Cascade Range south of the 
Canada line. Little can be said of the history of 
Mount Baker. The summit is broken, whether due 
to erosion or volcanic explosions cannot be said. 
Indians state that an eruption occurred about 1843 
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sympathetic with that of Mount St. Helens, and 
covered the whole country with ashes, and that the 
waters of the Skagit River became hot enough to 
cause death of all the fish. 

Thus the history of the great peaks of the Cas¬ 
cade Range proves to be that of active volcanoes, 
but now of very slight heat. The history is frag¬ 
mentary and incomplete. 

Lassen Volcano produced in the end phases of 
its eruption May 19-20 1915, stiff lava flows from 
its crater lips both east and west, and though the 
explosion of May 22 destroyed part of the eastern 
flow, fortunately a photographer was there in time 
to record its presence, and the remaining lava in 
the crater and on the west side was left in place to 
cool off where it may be seen today. 

The history of the Cinder Cone and of Glass 
Mountain in that same volcanic district shows the 
area capable in recent time of pouring out ex¬ 
tensive flows into the forest. It is still possible that 
within a few years activity may be renewed some¬ 
where in northern California from the volcanic 
system represented by Lassen and Shasta, so as to 
pour out fresh lava flows. 

In addition to these places there may be men¬ 
tioned the numerous hot springs of California 
thoroughly investigated by Waring of the United 
States Geological Survey and some of these are 
boiling and accompanied by steam jets, as at 
Devil’s Kitchen in Lassen Park. 

A considerable portion of Napa, Sonoma, and 
Lake counties, north of San Francisco Bay in Cali¬ 
fornia, is covered with lava of comparatively re¬ 
cent geologic age. The lava caps most of the Coast 
Range mountains which traverse this region. At 
many places hot springs and geysers are to be 
found. The geysers, for the most part, are not 
natural, in that their vents were formed by drilling 
through the material that confines the steam and 
hot water. 

To ascertain whether there is any appreciable 
variation in the temperatures of the hot springs, it 
was part of the work of the Lassen Volcano Ob¬ 
servatory to make systematic measurements of their 
temperatures. Waring furnishes a basis for com¬ 
parison already established. 

The temperatures of hot springs in the region 
were measured in March, 1927. It was foimd that 
some of the springs were hotter and others cooler 
in 1927 than when they were measured by Mr. 
Waring in 1908. Varying rainfall and weather 
conditions affect the temperature of many of the 


springs. In order accurately to detect slight varia¬ 
tions in temperature the measurements should be 
taken about the same time each year. 

Especially noteworthy is the Geysers canyon 
where steam is used for power north of San Fran¬ 
cisco in the St. Helena range. Near Clear Lake 
there are old volcanoes, and there are boiling wa¬ 
ters at Calistoga, and at the Little Geysers, and 
fumaroles at the sulphur bank, which is near to 
the Geysers. At the Geysers there is super-heated 
steam and volcanic gases, pointing to a magmatic 
origin. This can only mean excessively hot gas- 
charged magma under the Coast Range close to 
San Francisco and not far from the center of the 
earthquake of 1906. 

In addition to the abundant volcanoes of the 
Sierra Nevada and the Cascade Range from Lassen 
Peak to Mount Baker in Washington, Professor 
. R. W. Brock reported the discovery in 1909 of vol¬ 
canic cones and lava flows 40 miles north of Van- 

4 

couver, and also hot springs, marking an extension 
northward into Canada of the active volcanoes of 
the United States. 

The volcano Garibaldi in British Columbia is a 
cone rising 3,500 feet above the plateau to a total 
elevation of 8,700 feet, made up of cinders with 
some interbedded lava streams. In the Lillooet 
District there is andesitic pumice covering 1,500 
square miles. On Naas River in British Columbia 
there is a lava flow consisting of olivine basalt, 20 
miles long, and said by the Indians to be less than 
200 years old. It dammed a river forming what 
is called Lava Lake, and there are explosion cones 
five in number, the description of which closely 
resembles that of Cinder Cone at Lassen. 

On the Unuk River there are other recent lava 
flows and vents so fresh that the volcanic ash can 
still be seen as black patches on the glaciers. Cra¬ 
ters and flows on Ruby Creek in the extreme north 
of British Columbia, vast deposits of volcanic ash 
on the Yukon Plateau, a volcanic cone north of the 
Pelly River, and some other places, lead Brock to 
the stotement, “Complete exploration may show as 
much recent volcanic activity in western Canada 
as in most sections of the Pacific volcanic girdle. 

For purposes of the volcanologist, every bit of 
information concerning craters or heal on moun¬ 
tains known to be volcanoes is of value. In *Xalcs 
of a Western Mountaineer” Mr. C. E. Rusk pub¬ 
lishes notes made during mountain climbs on some 
of these volcanoes which are unusual and worthy 
of quotation. 
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The crater of Mount Baker or Kulshan is illus¬ 
trated by a photograph taken about 1900 by the 
party of John A. Lee. This shows a circular cra¬ 
ter opened through snow and ice, with fume rising, 
and with crevasses extending up a smooth neve 
above it In 1903 Rusk climbed the east side of 
the main peak of Mount Baker accompanied by 
George G. Cantwell. They went to Morovits 
Ranch, and camped at the timber line. The whole 
east side of the mountain is forbidding and covered 
with snow and ice. There are two peaks of which 
the southern is the lower. When well up on the 
slope, on glancing upward, they saw large volumes 
of smoke rolling from between the two peaks. 
When they reached the top, it appeared that for 
several hours the smoke from the crater had been 
hidden from them by the south shoulder of the 
main peak. As they emerged from the chimney 
there burst into view a most thrilling weird spec¬ 
tacle. 

In a bowl-like depression immediately between 
the two peaks of Mount Baker there was an orifice 
in the snow, perhaps 50 feet across. The west side 
was partly blocked with snow so that the opening 
was somewhat half-moon shaped. Two hundred 
feel away a semicircular crevasse swept halfway 
around the pit. Up from the unknown depths of 
this abyss black fume boiled out. It drifted away, 
guided by the shifts in the wind currents, until it 
dissolved in the upper air. Mr. Rusk speaks of 
the wild, unearthly loneliness of the scene, which 
“impressed us profoundly, for its counterpart per¬ 
haps does not exist on earth.” 

This description is astonishingly like that of the 
ice crater containing sulphur on the summit of 
Makushin Volcano in Unalaska. This was photo- 
graphed and described by the author in 1908, as 

follows: 

“The rim of the greater crater of Makushin was 
finally reached at 12:45 July 3, 1907. Within was 
an expanse of snow, probably two miles in di¬ 
ameter, through which three or four steaming vents 
have maintained openings. We saw a steaming 
cavity ahead lo the righf. Examination proved this 
to be a new crater opening, a vertical cavity in the 
snow, 75 feet in diameter, with a 300-foot wall of 
bedded ice and snow behind it and sulphurous 
steam incessantly rising through it. A great tumble 
of snow or ice blocks rested in front of it, and 
where the steam drifted across these, their white 
surfaces were yellowed with sulphur. An inner 
cone of bowlders and sand was seen beyond this pit 


and south of it. This was visited and found to 
contain a crater some 2,000 feet in diameter, with 
very active solfalaras working on its northern side, 
and sulphurous coatings about the vents.” 

Rusk’s climb was 11 hours from the timber line 
to the top of Mount Baker, and was presumably 
early in the season of 1903. When photographed 
in August 1906 by F. H. Kiser, the crater gave no 
sign of snow orifice, nor of smoke. There was 
only a slight depression in the snow and the rem¬ 
nant of a crevasse. Professor George Davidson saw 
Mount Baker in very active eruption in the early 
fifties. 

Mount Rainier or Tacoma Volcano is described 
by Rusk as having a crater from a quarter to a 
half mile in diameter inclosed by bare cliffs 30 or 
40 feet high. The bottom is filled with snow 
which makes of the interior a comparatively level 
field. Around the rim are many small vents in 
the rocks, from which jets of steam issue. In 
places, and at times, this steam melts the snow, 
leaving cavern-like fissures between the snow and 
the wall of the crater. The highest point of Mount 
Rainier is a dome of snow just west of the crater. 
Mr. Rusk writes: “I crossed the crater alone. On 
the farther side I was surprised to find lichens 
clinging to the bare rock surface. I found a jet of 
steam issuing from a small hole in the sloping face 
of the rock. I stopped to see if I could detect any 
odor coming from the place and received a little 
steam scald for my pains. The rocks were quite 
warm, and I have no doubt one could place a frying 
pan over some of these orifices and there do con¬ 
siderable elementary cooking. I scrambled out of 
the crater and a short, easy climb brought me to 
Columbia’s Crest, the actual summit.” 

Glacier Peak is a volcano 10,400 feet high, easy 
to climb, and Mr. Rusk reached the summit at 11 
a.m. The old crater is directly on top, from one- 
quarter to one-half mile in diameter, broken down 
in many places, leaving craggy pinnacles around 
the circumference. One of these on the southern 
edge is the summit. The crater is filled by a big 
snow field. On the east the snow feeds into an 
immense ice-fall, the chief branch of Cool Glacier. 
This peak was climbed by I. C. Russell, and was 
not described as steaming. 

In the case of Mount Hood, the only mention of 
heat was near Crater Rock, where Rusk saw jets of 
steam rising and drifting upward lo mingle with 
the fleecy clouds that were idling across the face 
of the peak. 
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During the exploration of Mount Adams, Rusk pricked its outer covering. The underground 

mentions on the north side a dry stream course channel is overlaid by several inches of what seems 

that produced a glacial torrent. This started run- to be a blue clay. Wherever holes have been 

ning in the middle of the afternoon, kept flowing gouged in this by the points of alpenstocks or other 
part of the night, and was dry the next morning as sharp instruments, the boiling water bubbles 

a daily occurrence which is not explained. This through, making animated little springs from 

is a part of the Klickitat drainage. which the steam floats away. We saw several of 

Going up Mount Adams by the southern way, these. The loose rocks on top are so hot that it is 

Rusk’s party found thousands of dead grasshoppers hardly possible to hold the hand on some of them, 

on a snow-filled saddle south of the first summit. and the whole clay surface is xmcomfortably warm. 

There were also other insects as well as a humming- “I caught some of the boiling water in my cup 

bird and a duck, each occupying its own little de- and the taste was agreeable and rather sour, re¬ 
pression in the snow. Rusk states on different sembling lemonade. I drank a considerable quan- 

occasions, while climbing Mount Adams, he had tity and suffered no ill effects. On the little flat 

found numbers of such birds and insects; and once just below where we sat were several rock enclos- 

his party found a dead mouse at an elevation of ures that had been piled up for shelter by men who 

nearly 12,000 feet. One often finds live spiders had spent one or more nights at this place. Even 

crawling over the snow at high altitudes, and some- in a severe storm it is possible for a man to sur- 

times, but not often, live butterflies and other in- vive, as the heat of the rocks on the slope above 

sects are seen. Rusk believes that the dead organ- the boiling spring would keep one from freezing, 

isms are accounted for by gales of wind, or else Mount Multnomah, ancient ancestor of the Three 

during high flights these creatures are blinded by Sisters volcanoes, was a 15,000-foot volcano once 
snow, when they fall bewildered and chill to death. over the site of the Three Sisters, built above the 

It is an interesting question whether there could post-Eocene Cascade fault that extends north and 

be any volcanic carbon dioxide or other gas to south along what is now the “break” between the 

asphyxiate the insects. Cascade Plateau and the rugged gorges to the west. 

From the pictures reproduced, the Klickitat Gla- In Oregon eighteen volcanoes lie along this fault 

cier must occupy the former crater of Mount today. In “Multnomah” a Mauna Loa of basalt 

Adams, between the summit and the Ridge of Won- was built up in Miocene time. Thereafter it col- 

ders. Professor H. F. Reid, who has climbed among lapsed or blew up or both, and enormous engulf- 

these volcanoes, expressed the opinion that some ment occurred. A circular fault eight miles in 

fused fragments of rock appeared less than 100 diameter bordered the sink, but in Middle Pliocene 

years old. two sister volcanoes were built up within it. Then 

The following are Mr. Rusk’s comments on heat more volcanoes arose, followed by glaciation. The 

in the crater region of Mount Shasta. When he Oregon block sank again after the Ice Age, and 

was turning down from the summit, in 1923, he revivified the volcanism, which continues to the 

writes: “I had read much of the so-called boiling present day*. 

sulphur spring, and when we were a short distance The large basaltic areas of the Snake and Co- 

down the talus slope, a little to the west of where lumbia rivers have long been considered flows 

we had come up, we heard a mighty gurgling roar that emerged from obscure fissures. Gradually 

and saw steam rising from farther down the slope. the fracture lines that constitute the vents are com- 

This subterranean cataract appears to start well up ing to light. One of these is the rift zone trend- 

the talus slope and only a little below the highest ing NW-SE lying southeast of the White Knob 

summit of the mountain. It rushes down nearly Mountains in Idaho, which has been set aside as 

to the foot of the pinnacle and apparently turns the “Craters of the Moon” National Monument, 

and disappears along a depression between the including about 80 square miles, and stands be- 

main summit and another nearby peak just to the tween 5,000 and 6,000 feet above sea level in a 

south. From the noise it makes, there must be a semi-arid district. A roadway penetrates the nor^- 

veritable river of it, and it is certainly forced up- western end of the Monument, and the whole dis¬ 
ward through some internal chimney from a cald- - 

ron in the heart of the mountain. The whole thing *H. Williams explains the Three Sisters differ- 

would doubtless be invisible, had not visitors ently. 
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trict is in every way similar to the Kau Desert 
southwest of Kilauea, or the Puu o Keokeo desert 
of the southwestern rift of Mauna Loa. 

There are both aa and pahoehoe lava flows, 
many horseshoe-shape cinder cones made by fire 
fountains at the sources of the flows, numerous 
lava caverns in the pahoehoe, which become na¬ 
tural bridges where these are partially broken 
down, and a large number of tree moulds and lava 
trees. There are also ice caves and water holes, 
all of which owe their existence to ground ice. 

There are yawning crater pits, and many spatter 
cones, and the floods of lava for six miles against 
the southern spur of the White Knob Mountains 
filled the valleys as if they were bays, and left the 
spurs like projecting headlands in a black sea. 
These mountains are of granitic rocks, and when 
in recent geological time the great rift opened on 
their slope, and thick jagged lava flows poured to 
the south and east, there were left small and large 
fragments of granite that broke off from the roof 
of the lava reservoir and floated upward in the 
molten lava during the eruption. Obsidian occurs 
among these older eruptions, and this was quarried 
by the Indians to make arrow heads. 

A second series of eruptions broke out making 
many of the large cinder cones in the middle of the 
Monument area. The third and last eruptive epoch 
gave vent to barren black lavas which form the 
latest veneer over much of the area, these flows in 
many places surrounding the earlier cones. Al¬ 
together about 35 cones and vents and 30 different 
lava flows are found in the Monument. Every¬ 
thing indicates that the activity was accompanied 
by quiet fountaining of vesicular lava, with much 
foaming and great quantities of gas but without 
explosive eruption such as would spread volcanic 
dust for hundreds of miles. The bombs are of the 
spindle, ribbon, and bread-crust types associated 
with the ejection of clots of liquid lava. The rock 
is basaltic, with 51% of silica, 14% alumina, 15% 
iron oxides, 6.5% lime, 2% magnesia, and 6% 
alkalies. 

Pahoehoe flows cover about half the area, often 
with blue glassy crusts and billowy, ropy surfaces, 
these flows being filled with caverns. The cav¬ 
erns invariably occur in pahoehoe and not in aa. 
The aa flows, just as in Hawaii, are produced where 
pahoehoe changes to clinker but the aa never 
changes back into pahoehoe. Some of the aa lava 
flows are 25 to 100 feet thick, and have moved 
several miles out on the plain. 


The cones of the Craters of the Moon area are 
large cinder heaps about 450 feet high, or lines of 
smaller spatter cones about 50 feet high and 100 
feet in diameter, or lava domes rising 30 to 50 feet 
above the surrounding country, and sometimes 
surmounted by tiny spatter heaps less than 10 feet 
high. These lava domes are compared with Mauna 
Iki, which was formed in 1920 in Kau Desert near 
Kilauea. 

The tree moulds vary from a few inches to three 
feet in diameter, and are sometimes 10 to 20 feet 
deep. Sometimes the liquid lava flowed into the 
checks or shrinkage cracks in the charred surface 
of a log, forming a checker pattern, easily mistaken 
for bark depressions. Lava trees rising one to five 
feet above the general surface occur where part of 
the lava flow has drained away, leaving the mould¬ 
ed trunk in relief. 

The abundant water holes are due to the freez¬ 
ing period, which at this elevation in Idaho covers 
about seven months in the year. This is much 
like the summit regions of Mauna Loa and Mauna 
Kea. The caves and cinder heaps act as heat in¬ 
sulators, and in one place called Ice Cave a heap 
of ice and snow 20 feet thick is found even in 
summer. Fifteen perennial water holes are listed. 
The temperature of the water rarely exceeds 34® F. 

Stearns concludes from the evidence of pine 
trees and other vegetation growing on the flows 
that the youngest cones in the area are over 400 
years old. The charred wood seen in many places 
was set on fire artificially or by lightning, and was 
not fired by hot lavas. There is some very fresh 
pahoehoe lava which may be little more than 250 
years old, and there are obscure Indian traditions 
of fire seen in the region. All of this resembles 
similar evidence concerning the Lassen country, 
and indicates the possibility of other eruptions yet 
to come near the Craters of the Moon National 
Monument. In detail the photographs of stalac¬ 
tites, shore-line marks of lava in caverns, festoons, 
pits, and the rift landscape are like Hawaii. 

In view of the remarkable evidence of engulf- 
ment as the dominant process at the explosive erup¬ 
tion of Kilauea in May 1924, wherein the ejected 
matter was equal to less than one percent of the 
matter engulfed, Diller’s conclusions concerning 
the origin of the vast crater at Crater Lake Na¬ 
tional Park, Oregon, are interesting. 

The great depression containing the lake is 
completely encircled by a rim cliff 2000 feet high, 
the lake is 2000 feet deep, and the outfacing slopes 
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are gentle. The whole constitutes Mount Mazama 
built up of lavas and ejects, andesite first, followed 
by dacite and dacite pumice. The latest dacite 
flows outside the crater are not covered by ma¬ 
terial blown out, and flows just inside the rim of 
the crater as it stands came from a notch produced 
by the collapse that engulfed the central portion of 
the volcano. As the Crater Lake basin with the 
water removed is five miles in diameter and four 
thousand feet deep, and this is only one of many 
volcanoes in the northwestern United States, it 
would appear that engulfment may be a big process 
in post-Tertiary volcanism. 

Williams sums up admirably the facts about 
Mount Mazama by saying that Crater Lake sink 
was not formed by explosive shattering. Of the 
seventeen cubic miles of old rock removed, explo¬ 


sive deposits erupted in small fragments, now lying 
on the country, account for a volume of 1.5 cubic 
miles. The blebby pumice recalculated as liquid 
slag amounts to five cubic miles. Hence more 
than ten cubic miles was engulfed by the with¬ 
drawal of lava downward by its injection at great 
depth into swarms of fissures. A ring fracture 
excentric to the former summit of the volcano had 
prepared the cone for collapse and the center of 
Crater Lake depression lies well to the north of the 
former peak. The country broke up in the depths 
and drained off the lava breaking down the moun¬ 
tain in a succession of inward avalanches like Ki- 
lauea in 1790 or like Krakatoa. The ground- 
water encountered the subterranean furnace with 
a flash boiler effect, and gigantic explosions ac¬ 
companied the downsinking. 



CHAPTER XVn 

Lassen Peak in 1915 Was as Violent as Mount Pelee 


A remarkable story of the Modoc Indians fight¬ 
ing amid aa lava flows of Lassen is told in a popu¬ 
lar book on Lassen National Park. These Indians 
lived in a lava country. Captain Jack, a young 
Modoc chief, secreted in a lava cavern which still 
has a bad name, made headquarters in an inac¬ 
cessible ridge of aa, flanked by deep ravines, fis¬ 
sures and masses of bowlders. Here with one hun¬ 
dred and fifty followers he conducted depredations 
against the whites. 

Lieutenant Colonel Wheaton fought 52 Indian 
braves with 400 U. S. troopers January 7, 1873. 
He reported to the War Department that “the 
bowlders ranged in size from a matchbox to a 


church. Captain Jack’s stronghold was in the cen¬ 
ter of miles of rocks, fissures, caves, crevices, 
gorges and ravines—some fully 100 feet deep. In 
my twenty-three years of service, mostly fighting 
Indians, I have never before encountered an enemy, 
civilized or savage, occupying a position of such 
natural strength as the Modoc stronghold. Nor 
have I ever seen troops engage a better armed or 
more skillful foe.” 

The fight lasted from 8 a.m. to 10:30 p.m. when 
the troops retreated to their camp 15 miles away. 
They had fought all day without seeing an Indian! 
Little puffs of smoke through a hole in the lava 
, was all they had to guide their attack. Added to 
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Figure 24. Map of Lassen Volcanic National Park, by Williams. 


the difficulties was a fog so dense that the parties 
could not communicate. It was bitter cold. Be¬ 
cause of the incredibly rough lava surfaces the 
soldiers were obliged to advance crawling on their 
hands and knees. It was utterly impossible to re¬ 
cover the dead, and they had great difficulty in 
removing the wounded. The attack was a com¬ 
plete failure. 

Lassen has been active in recent historical time, 
probably less than 200 years ago, as have other 
peaks in the same volcanic region, viz.. Mount St. 
Helens, Mount Hood and Mount Baker. 

The great new eruptions were more or less con¬ 
tinuous from the start on May 30, 1914 until May 
22, 1915 when the largest explosions of the series 
occurred. Thereafter there was a decline in ac¬ 
tivity that practically ceased by August 1917. The 
explosion cloud on May 22 reached a height of 
22,500 feet above the mountain top. In 1917, as 


in 1914 and 1915, May seemed to be a critical 
month. 

On May 19 and May 22, 1915 there were hori¬ 
zontal blasts, similar to the one from Mount Pelee 
that destroyed St. Pierre in 1902. Nearly every 
tree in the valley through which the blasts went was 
either destroyed by the blasts, or by a mud flow 
started by water, possibly from snow melted by the 
first blast. 

In May, 1915, there was an upheaval of the cra¬ 
ter floor to a height of some 300 feet above the 
original floor-level. This to a great many people 
will recall the spine in the crater of Mount Pelee. 

During the eruption there were strong horizontal 
blasts on May 22 that denuded a section of the 
northeast slope of the mountain and produced re¬ 
markable mud flows down Lost and Hat Creek 
valleys. 

It has been maintained by some observers that 
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mud flowed over the lip of the crater, by others 
that hot water came out of the crater, and by others 
that the water was derived from condensed steam 
and from snow melted by the steam and hot ashes. 
Snow usually accumulates on the slope in question 
until in March while in the middle of January the 
depth of the snow—five to six feet—may have been 
sufficient to furnish water enough to account for 
the floods. The snow in the upper half of the 
comparatively narrow belt four miles long, if melt¬ 
ed suddenly as must have been the case in 1915, 
could have produced sleep flood waves of about 
the proportion of those that swept down Lost and 
Hat creeks. Gravel and bowlders must have aided 
the finer particles in melting the snow and in rais¬ 
ing the temperature of the water well above the 
melting point of ice. A very large bowlder was 
still hot several days after the floods. 

If the direction of the hori 2 ontal blast on May 22 
was only slightly different from that of the one on 
May 19, Finch believes there would have been 
enough snow in its path to account for the minor 
flood that accompanied it, and the condensed 
steam factor may have been trivial. 

It was known that at the Cinder Cone, in the 
eastern part of what is now Lassen National Park, 
there had been a lava flow some 250 years ago. 
Nothing is known of what then happened at Lassen 
Peak, a big volcano of the same class as Mount 
Shasta, with a shallow crater depression and pool 
of water in its top. It has been the custom to con¬ 
nect Lassen Peak with the Cinder Cone and its lava 
flow, but the two are 12 miles apart and there is 
no obvious relation between them. It will be re¬ 
called that in the new eruption of Paricutin, the 
first Mexican lava flow of 1943 came up a crack 
in old ground some distance from the cone. 

In 1914, the old crater cup in the top of Lassen 
Peak began to eject dust and steam through small 
caved-in depressions of the summit. These de¬ 
pressions engulfed the rock of their margins until 
they had united into a single crater hole apparently 
at the junction point of several cracks in the moun¬ 
tain mass. The forester’s Lookout House became 
gradually destroyed by falling stones in a succes¬ 
sion of explosions which increased in vigor and in 
numbers. The eruptions occurred every few days 
and rarely lasted more than 20 minutes. In the 
two years of 1914 and 1915 the month of May ap¬ 
pears to have been a critical one for Lassen, for 
the first outbreak was May 30, 1914, and the maxi- 
mtim explosion was on May 22, 1915. 


Mr. B. F. Loomis was an energetic resident pho¬ 
tographer who compiled a “Pictorial History of 
Lassen Volcano.” This book contains a critical re¬ 
view illustrated by many photographs of the ac¬ 
tivity of 1914-15. 

Loomis concludes that the eruption of May 19, 
1915 produced merely a flood of water and ash 
which devastated the northeastern creeks without 
throwing down trees. With this eruption there was 
no down-rushing blast of steam capable of melting 
snow to cause the flood. The much bigger erup¬ 
tion of May 22, on the other hand, produced a 
down-rushing steam blast which is photographical¬ 
ly shown to have overturned trees and cut a V- 
shaped swath through the forest to the northeast 
for four or five miles. The action in both cases 
was quite like that of the volcano Pelee in Mar¬ 
tinique. which also began with a flood and ended 
with a blast. 

Loomis believes that both Lassen eruptions gave 
vent to liquid water from the. mountain itself, fol¬ 
lowed by steam, and his pictures of mud torrents 
from the very summit appear to bear out his belief. 
The photographs also suggest very strongly that 
the plug of lava breccia which rose to fill the new 
crater, overflowed the west lip in a definite aa lava 
flow, which according to him was seen flowing and 
glowing. 

The floods originated in an embayment on the 
northeast slope of Lassen Peak that was uniformly 
covered by snow with a depth of several feet over 
most of the area. Now it is known that a few feet 
of snow of uniform covering can absorb several 
inches of rainfall so that the rain produces but 
little immediate run-off. If there had been bare 
spots in the snow field, then water could have run 
under the snow in considerable quantities and, in 
a place as steep as the Lassen slope, started ava¬ 
lanches. A hot blast, unless long continued, or a 
slight deposit of hot volcanic ash would produce 
much the same effects as a rain—a melting of 
superficial layers of snow and an absorption of the 
water by lower layers. A hot blast or a hot ash 
fall on a steep slope not uniformly covered with 
snow could, as in the case of rain, start streams 
under the snow and also cause avalanches. 

An examination by Finch of enlargements of the 
photographs taken by Mr. Loomis immediately af¬ 
ter the mud flow on May 19, and of the material 
transported by the mud flow, indicates that a large 
volume of hot lava poured through the eastern 
notch of the crater. There is much new lava that 
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Cartoons by Twigg-Smith in January 1917 portraying the sounding ol the lava lake with 
iron pipe and an imaginary asbestos boat with the faithful Alex Lancaster as pilot. 
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was carried in fragments down the flood. This 
flow was not only much more voluminous than the 
one through the western notch, but as would be 
expected, it was probably, as a whole, more molten. 
The lava flow could easily have melted the snow 
down to the ground and sent a stream of warm 
water under the snow lower do>vn the slope. An 
avalanche mixed with hot rock could easily have 
been started in this way and produced a flood of 
the magnitude observed. 

Minor mud flows did accompany the explosions 
on May 22. There was a horizontal component of 
this explosion that was parallel with the course of 
the upper part of the mud flow of May 19. The 
area affected by this blast was much wider than 
the area devastated by the mud flow of May 19 and 
accordingly encountered snow banks with exposed 
edges. Considerable hot ash was also thrown out 
by this eruption. The largest mud flow that ac¬ 
companied this explosion followed the course of 
the one on May 19. At places where there was 
still uniform snow covering, the mud flows occa¬ 
sioned by hot ash and perhaps mud rains of this 
explosion for the most part stayed on top of the 
snow. 

In Arizona, New Mexico, and southern Cali¬ 
fornia there are very fresh-looking volcanic forma¬ 
tions. The lava flow in the valley of the San Jose 
River in New Mexico is so fresh in appearance that 
it lends support to Indian traditions of a “river of 
fire” in this locality. Near Glass Mountain, in 
northern California, and at places in Oregon and 
Idaho, there are lava flows that appear to be less 
than 500 years old. At Cinder Cone, in Lassen 
National Park there are several recent lava flows, 
the latest of which is believed to have poured out 
during the winter of 1850-51. 

Summarizing, it really was no surprise to those 
informed about the volcanic region of the north¬ 
western United States when Lassen Peak became 
active in 1914. For a year the activity was largely 
confined to small explosions. Then during the 
night of May 19-20, 1915, Lassen produced the 
youngest lava flow on the mainland of the United 
States. The main crater was filled with new lava, 
and there were small overflows through low notches 
in the rim both to the east and to the west. The 
western branch of the flow is still in place. Only 
remnants of the eastern branch of the flow remain, 
though there is good evidence pointing to the con¬ 
clusion that it was the larger branch. Part of the 
eastern branch of the flow slid down the mountain 


shortly after it had been poured out, at the time of 
a mud flow during the same night. A photograph 
taken May 22, shows a remnant of the eastern flow, 
but most of this also slid down the steep mountain 
slope a few hours later. The most forcible explo¬ 
sion of the series took place during the afternoon 
of May 22, 1915, after this photograph was made. 
Activity continued in varying degree until August 
1917, but since then there have probably been no 
true volcanic eruptions of Lassen Peak. 

Earthquakes that have their origin in the Lassen 
edifice are rather common as shown by the seismo¬ 
graphs of the Lassen Volcano Observatory of the 
U. S. Geological Survey at Mineral, California. 
The fact that from 36 to 266 earthquakes are re¬ 
corded each year at Mineral indicates that Lassen 
Peak is still somewhat uneasy. 

The evidence of two flows from Cinder Cone, the 
small recent volcano 12 miles northeast of Lassen 
Peak in California, is very clear. The older flow is 
covered with volcanic sand, and the newer flow 
overlies the sand. The locations of trees that exist¬ 
ed before the sand eruption are still plainly marked 
by depressions in the sand. 

There are several small cinder cones to the south¬ 
east of the main one. Where the lava flow is 
crossed along the line of these small cones, it ap¬ 
pears that the so-called younger flow might itself 
really be two flows. Lassen Volcano Observatory, 
during the summers of 1927 and 1928, provision¬ 
ally dated the last two flows as of 1795 and 1832 
approximately, with a probable error of 10 years 
more or less, by measuring magnetic declination of 
fixed ledges. This is on the theory that the de¬ 
clination constant of the ledge preserves record of 
the earth’s regional magnetic field at the time the 
lava congealed. 

The magnetic work thus suggested a possible 
lava flow eruption in the middle of the nineteenth 
century. Dr. H. A. Harkness wrote an account of 
activity at Cinder Cone said to have occurred dur¬ 
ing the winter of 1850-51. Lights were observed 
apparently by different observers to the east of 
Lassen “Butte” from time to time from 1850 to 
1854. The Indians of that country were hostile, 
so no attempt was made to ascertain the source of 
the light. 

Dr. Wozencraft from above Red Bluff observed 
a great fire to the eastward of Lassen during the 
winter of 1850-51 which continued for many nights 
without change of position. He dismissed the In¬ 
dian camp-fire theory. Dr. J. B. Trask at Rich Bar 
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on the north fork of the Feather River to the south¬ 
east of Lassen, also saw light for many nights. Mr. 
Charles Gibbs with a party of miners saw the same 
lights and reported them as due to a volcanic erup¬ 
tion. Miners arriving at a hotel near Georgetown, 
El Dorado County, during the summer of 1851, re¬ 
ported passing an active volcano and hot rock, 
their locating of which agreed > exactly with the 
position of Cinder Cone. The same miners gave a 
description of Boiling Lake and the geyser near 
Drakesbad, features of the present Lassen district, 
and their description would apply at the present 
day, were the activity at those places a little greater 
than at present. 

A large monograph by Day and Allen critically 
studies the chemistry of the gases, hot springs and 
lavas of Lassen and summarizes the eruptions of 
1914 and 1915. The explosive eruptions of 1914 
came at intervals of two or three days for a year, 
gushes of steam more or less black with ash from 
a few hundred to 11,000 feet high, and cracking of 
the mountain summit—the gushes lasted from one 
to four hours. The explosions were pure steam 
with neither chemical reactions nor excessive temp¬ 
eratures. 

A black mass was thrust up as a plug in the 
western notch of the summit a day or two before 
the great blast of May 1915. The 1914 explosion 
crater was a thousand feet across and a funnel 
without lava. The plug rose 300 feet and glowed 
during the explosion of May 19 at night. Daylight 
explosion of May 22 sent up a dust cloud 25,000 
feet and both explosions, according to these au¬ 
thors, sent out horizontal destruction. The blasts 
were charged with dust and rocks, knocked down 
trees five feet in diameter, were accompanied by 
floods, singed the foliage, and the flood material 
when allowed to settle yielded 90% of solid mat¬ 


ter. The two explosions were “of sufficient vio¬ 
lence to have overwhelmed a small city like St. 
Pierre, Martinique.” 

The decline of eruptions was normal for about 
two years, with renewal of violent explosions May 
18, 1917, indicating correspondence in date with 
May 19-22, 1915, and first outbreaks at the end of 
May 1914. 

The whole happening at Lassen was of the same 
general character as Mount Pelee in Martinique 
with its succession of steam jets, floods, vertical ex¬ 
plosions, risen plug, downward deflected blast pro¬ 
bably through a flank rift in the mountain, and 
intrusions later developed that exhibited themselves 
only slightly in the summit lava dome and its pro¬ 
trusions. 

The same type of eruption prolonged through a 
declining period of minor explosions has been seen 
at Santorin in the Grecian archipelago, Tarumai 
in north Japan, Bogoslof in the Aleutians, Santa 
Maria in Guatemala and Katmai on the Alaskan 
Peninsula. It takes only a little more heat and 
fusibility of the lava to change hard domes to slug¬ 
gish flows like those of Cinder Cone and Glass 
Mountain in the Lassen vicinity, or those of Sa- 
kurajima and Asama in Japan. Vesuvius and 
Mayon make flows still less viscous, while Kilauea 
and Nyamlagira make so-caUed “liquid” lava which 
is a stiff foamy slag and not at all a watery liquid 
when watched crushing its way forward as a thick 
aa flow. The idea of liquidity compares not at 
ail with alcohol or water, and is an illusion derived 
from watching flaming jets of gas or gas-bubbling 
foam in narrow streams that in very small volume 
make a part of lava flows near sources, where sdf- 
heating gases effervesce from solution in glass. 
Deep down all volcanoes are glass furnaces, and 
surface lavas are impelled by gas. 




CHAPTER XVra 

California Heat can Run Engines 


II 


In view of warming the rooms of the hotel at 
Kilauea Volcano by natural steam with the aid of 
a hot water radiator system, it is of interest to learn 
what has been done in other places. At Kilauea 
the four boreholes at Sulphur Bank close to the 
hotel yield constantly great quantities of steam at 
96® C. This same steam has been passed through 
a tubular boiler containng the water circulation for 
the hotel radiators, with the pipe properly insu¬ 
lated, so that every room contains an adjustable 
heater filled with pure water from the tanks. There 
is thus no waste of water. The slight corrosive 
effect of the acid steam is met by building the 
boiler of a suitable resistant metal. The hot water 
system is a great comfort to many guests in cold, 
rainy weather and by drying the building acts as 
a preservative against mildew. 

Even in ancient times it was the dream of man¬ 
kind to utilize volcanic heat. This does not mean 
harnessing the eruptions of volcanoes, but rather 
making use of the fumaroles and boiling springs 
generally found in volcanic districts. For many 
years the steam of fumaroles has been used in Ice¬ 
land for the heating of schools and other public 
buildings. In Japan there is a village heated in 
winter with the aid of volcanic steam led into the 
buildings. Most of this is the steam of ground- 
water brought to the boiling point through the 
agency of underground magma or of volcanic 
gases. The latter arc dominantly hydrogen, car¬ 
bon, chlorine, and sulphur, and their compounds 
through union with oxygen of the air. 

Farmers have made use of volcanic energy to 
assist them in agriculture. On the island Ischia, 


near Naples, the peasants make use of numerous 
fumaroles to warm their tomato plants and so make 
them sprout sooner. On the bottom of the extinct 
Agnano Crater a gardener found the volcanic heat 
useful in order lo keep his vegetable crop pro¬ 
ducing all the year around by distributing his sow¬ 
ing and his harvesting in accordance with an irri¬ 
gation system dependent on hot springs. Recently 
a company has been formed that makes use of vol¬ 
canic steam for the warming of hot houses where 
useful plants are produced. (Figures 32, 34). 

It is well known that in many places in Iceland, 
North America, the tropics, and New Zealand hot 
springs are used as laundries, and of course they 
have been used from time immemorial as baths 
beneficial in certain diseases. 

Near Larderello in Tuscany boric acid has been 
produced from scalding natural steam for more 
than a century. Prince Ginori Conti began there in 
1904 lo operate a small steam engine by curbing 
a natural steam vent. Further development of the 
steam power was hampered by the low pressure 
and temperature of the surface steam and the rapid 
eating away of the metal by the acid vapor. 

In order to obtain higher pressures and tempera¬ 
tures, bore-holes were drilled which yielded a rush 
of steam at 190® C. and 14 atmospheres of pressure. 
There was finally obtained at Larderello from sev¬ 
eral bure-holes 250,000 kgs. of steam per hour 
averaging two atmospheres of pressure and a temp¬ 
erature from 120® to 190® C. 

To avoid the corrosion of expensive machinery, 
the high-pressure natural vapors were condensed 
imder pressure, the fixed gases were assembled and 
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conserved as by-products, and pure water was heat¬ 
ed above the boiling point in a low pressure boiler 
so as to make steam, utilized by expanding it in 
low pressure turbines. 

At Castel Nuovo a well 130 meters deep operates 
three turbo-generators of 2,000 kilowatts capacity. 
At present the plant yields some 12,000 kilowatts 
and no exhaustion of the resources of the ground 
has yet appeared. 

In Java experiments at Kawah Kamodjang Cra¬ 
ter with a bore-hole 128 meters deep yield a 
volume of steam at six atmospheres pressure esti¬ 
mated capable of producing 900 kw. At the Gey¬ 
sers in the St. Helena Range in California a great 
store of hot steam has been revealed by drilling, 
and this increases with depth. Borings for power 
have been made here discovering temperatures 
from 99® to 173® C. and pressures from 60 to 169 
pounds. The wells vary in depth from 154 to 636 
feet. Both temperature and pressure increase with 
depth. These wells also have been harnessed for 
power. The geological conditions indicate that the 
region overlies intrusive volcanic magma. 

Mr. Finch made an airplane trip over the Coast 
Range mountains between San Francisco and Clear 
Lake during the forenoon of April 4, 1927. The 
course taken was to Calistoga and thence just to 
the east of Mount St. Helena and north to the 
southeastern part of Clear Lake; Mount Konocti, 
with a fairly distinct crater remnant in its southern 
peak, was passed, and the return to San Francisco 
was made about 18 miles west of the outgoing 
course. 

Deep erosion valleys appeared that trend the 
same as the mountain ranges, that is, northwest- 
southeast. Layers of rock as systematic bands were 
noted on the east slope of Mount Konocti. From 
the varying extent of the erosion it appeared that 
there was considerable difference in age between 
the different mountains. Most of the mountain 
ranges appeared to have steeper slopes on their 
western sides than on their eastern sides, as though 
they had been formed by some mighty force shov¬ 
ing at the country from the east. The Calistoga 
and Clear Lake regions contain old volcanoes to the 
east of the scalding water of the Geysers in the 
Healdsburg countryside. 

The hot areas where steam for power was 
drilled for at “the Geysers” in Sonoma County, 
California, extend along the side of a narrow can¬ 
yon, repeated at intervals for six miles. No lava 
or igneous products are visible, and like the Lar- 


derello power area in Italy serpentines are present, 
along with sandstones, schists and shales. At the 
Geysers drilling reaches sandstone at less than 100 
feet depth. Close to the surface the temperature 
is 100 degrees Centigrade. “As cracks are cut by 
the drill the steam flow increases and the tempera¬ 
ture rises rapidly 25® C. or more per 100 feet in 
the upper strata, and measurements show that 
water could not penetrate to any considerable depth 
without being vaporized.” 

Small hot springs are frequent, often of high 
mineral concentration. Their maximum tempera¬ 
ture reaches the boiling point for the elevation, 98® 
C. The acid springs contain sulphates of ammo¬ 
nium and magnesium, the alkaline ones carbonate, 
bicarbonate and sulphate. “The evidence shows 
that the volatile matter is derived from volcanic 
gases which are escaping from springs and fuma- 
roles,” the non-volatile matter coming from ser¬ 
pentine and other metamorphic rocks. Oxidation 
is shallow as shown by fresh pyrite in the drillings; 
the surface water cannot penetrate deeply, 

Allen accounts for the phenomena “on the as¬ 
sumption that superheated steam and other vol¬ 
canic gases are ascending from a hot batholith’ 
or body of intrusive magma “through a deep crack 
in the overlying strata; that the steam is heating 
surface water by condensation, and the gases hy¬ 
drogen sulphide and carbon dioxide through logi¬ 
cal chemical changes are decomposing the super¬ 
ficial rocks.” 

A number of wells have been opened with a view 
to harnessing steam power to furnish electricity. 

J. D. Grant drilled two wells with chum rig and 
cable tools in something over two years. The rock 
is sandstone and hard serpentine. The Geysers 
Development Company are using a rotary drill 
with hydraulic feed, which permits putting extra 
pressure on the Hughes cone bit A system of 
valves to protect the workmen and control the wind 
is used. Mud is pumped through the drill rod and 
returns through a special valve. The serpentine 
cap rock is said to be from 200 to 400 feet thick. 

The temperature of the hole reached a dull red 
heat, 998 degrees Fahrenheit. Seven wells were 
drilled with Hughes bit to some 500 feet each in 
less than two months to each well, and the cone 
bits stood this temperature. In one well, four sets 
of hardened steel cones were dulled in drilling 277 
feet of a nine and. three quarters inch hole in hard 
rock. At a depth of 451 feet steam pressure upnish 
of mud wrecked the timbers. 
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To deal with these forces, casing is cemented 
from top to bottom; in the latest wells the upper 
casing is 15 inches in diameter, and the lower 10 
inches. Steam pressure increases with the depth. 
The well cited above developed 67 pounds pressure 
at 228 feet, 169 pounds at 416 feet, and another 
well developed 240 pounds at 486 feet. A runway 
is built from the upper derrick off to the hillside, 
to save the derrick man in case of a steam blowout. 

The Larderello electric plant using natural steam 
is in a region of Liassic, Eocene and Miocene lime¬ 
stones, slates and serpentines. Eight districts of 
steam blow-holes occur, natural water is scarce, 
the elevation is 600 to 1,600 feet, and the active 
area covers 100 square miles of hilly country in 
Tuscany near Volterra and Florence. Borax works 
have been using the vapors for chemical processes 
since 1818. The emanations contain besides min¬ 
eral salts from 94 to 96 percent by weight of steam, 
and the geises remaining contain percentages by 
volume of carbon dioxide 92, hydrogen sulphide 2, 
methane 1.78, hydrogen 2.45, and small amounts 
of oxygen, nitrogen, argon and helium. Borings 
yield steam at temperatures varying from 100 to 
190 degrees C., and ordinarily pressures of 1 or 2 
atmospheres in excess of that of the air. 

Cinori Conti applied a jet of this steam to a 
rotary motor in 1903. He next used a small re¬ 
ciprocating engine connected to a dynamo. Then 
bore-holes of 12 to 20 inches diameter were drilled 
and higher temperatures were obtained and a va¬ 
riety of pressures. The temperature was found 
constant for a given output of steam, but' the steam 
was superheated for an unknown cause and could 
not bo treated as saturated and its pressure meas¬ 
ured by its temperature. In 1905 a strong well 
gave 4,000 kg. of steam per hour at slightly above 
atmospheric pressure when fully opened. A 15 
h.p. engine was started in 1905 and has been work¬ 
ing steadily for 15 years. In 1915 a 250 kw. unit 
with turbo-alternator was started, using aluminum 
wires and circuit-breakers on account of the corro¬ 
sion induced by the fumes on copper. This tur¬ 
bine received an effective pressure of 0.5 atm. at 
3,000 rev, generating a three phase current at 4,000 
volts and 50 periods frequency. Power was con¬ 
veyed as far as Volterra. 

In 1916 three units of 2,500 kw. each were in¬ 
stalled. The turbines have jet condensers. The 
natural steam at 120° C. is led through 22 evapor¬ 
ators in which pure water is heated to 110® C. in 
aluminum tubes, water being the condensate 


of natural steam from huge cooling towers. By 
drilling new wells over 120,000 kg. of steam per 
hour from wells was supplied. The effective pres¬ 
sure at the turbines is only a quarter atmosphere 
or about four pounds per square inch. 

The wells are driven by both percussion and 
rotary drills. Iron casings are used diminishing 
the diameter two or three stages to each well. The 
depths vary from 200 to 600 feet. Steam increases 
as a well deepens. A headpiece over the well di¬ 
verts the steam laterally while the working rods 
pass through an opening at the top. It takes two 
to six months to complete a well. Sometimes in 
wet ground little steam comes until a piston is put 
down and raised suddenly; this starts a geyser of 
mud and stones follow’ed by steam, which then 
takes control. The steam output is measured by 
fitting conical gauge openings on the W'ell, below 
which a mercury manometer reads the pressure 
appropriate to the opening: the volume is then 
calculated by the Saint Vainant formula. By using 
different openings a diagram is drawn giving the 
outputs at different pressures. 

Since 1923 the evaporators have been aban¬ 
doned, the natural steam is cleared of its gases by 
physical condensation and revaporizing, and so is 
led directly to the turbines. Three such depurators 
furnish 60,000 kg. of steam per hour with only 0.5 
percent of gas. Some new wells are furnishing 
35,000 and 60,000 kg. each per hour. Experiments 
were made with a turbine exhausting into the air, 
thus doing away with the condenser plant. The net 
result of the Larderello experiments is that the con¬ 
sumption of natural steam at 2 atm. effective pres¬ 
sure is 40 kg. per kilowatt hour. The plant is now 
connected with two high tension lines at 38,000 
volts for current distribution in Tuscany, running 
in parallel with several large hydraulic plants. 

In view of the great quantities of rocks red with 
ferric oxide in the Larderello region, and the pres¬ 
ence in the dry gases of oxygen along with six per¬ 
cent of hydrogen and its combustion compounds, 
it appears possible that the superheat may be due 
to slow oxidation of gas with reduction of mineral 
oxides. 

The steam escaping from the ground is under 
low pressure, about 30 pounds per square inch at 
best, and it has been successfully utilized even when 
the effective pressure is as low as five pounds per 
square inch. The wells drilled are 16 inches in 
diameter, and vary in depth from 180 feet to 750 
feet, ordinarily by using a rotary drill. In the 
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Larderello district the steam brings with it various 
gases that have commercial value as carbon di¬ 
oxide, helium, and argon. Also sulphurous gas is 
separated from tlie steam before it reaches the en¬ 
gines, Geysers have also been lapped, and made 
to deliver power. In our western states geysers are 
comparable to the ones that have been utilized in 
Italy. 

In order to find natural volcano steam under 
pressure it is probably essential to have the surface 
strata sufficiently impervious to confine the steam. 
In the vicinity of Kilauea the structure of the upper 
layers, at least, is not only composed of a rather 
porous lava, but is also broken by many earthquake 
cracks. Thus steam that is formed underground 
has so many natural vents that it has practically 
no effective pressure when it reaches the surface. 
But there is apparently an inexhaustible supply, 
and pressure might be found by deeper drilling, 
and also created by condensation if only a large 
water supply could be found for a spray basin. 

A note in 1926 described a case that seems to be 
a muzzling, rather than utilizing, of the volcano’s 
output. Farmers living near the Masaya volcano, 
in Nicaragua, who have clung to their homesteads 
in spite of damage frequently done to their crops 
by poisonous gases given off by the mountain, de¬ 
cided to muzzle their enemy. They employed a group 
of German engineers, who proposed to build a cap 
over the crater, and by the injection of certain 
chemicals, to neutralize the gases, which, if neces¬ 
sary, will be allowed to escape through a safety 
valve. 

What makes Springs hot 

I 

In a recent symposium on hot springs American 
physicists and geologists described warm springs 
of Virginia, boiling springs of the west, and scorcL 
ing fumaroles of Alaska. These are “outpourings 
of heat energy at the earth’s surface,’’ regarded as 
continuous series. Chemical reaction and radio¬ 
activity prove inadequate to explain the high temp¬ 
eratures. Forced flow from a depth of greater 
pressure may explain part of the slight heating of 
such warm springs as those in the southern states 
and Haiti. Heat effects might also be produced by 
a forced flow of steam from the water excluded 
from crystallizing lava or magma underground. 

From study of rate of increase of temperature 
downward the Yellowstone boiling waters are cal¬ 
culated to rise from depths of from 3,400 to 8,000 
feet, the water being rain-water that reaches un¬ 


usual depths. Iceland, Lassen Park, and the So¬ 
noma county boiling waters of California are be¬ 
lieved to be more than half rain-water. Geologists 
differ as to how much magmatic water is mixed 
with surface water. 

Sosman summarizes the discussion by saying 
that the thirteen authors agree that the source of 
hot-spring heat is in hot magma under the crust 
of the earth. These authors represent the south¬ 
eastern United Stales, Haiti, Arkansas, California, 
Greece, Italy, Iceland, Nevada, Utah, Idaho, Kat- 
mai in Alaska, and the Yellowstone as places of 
hot-spring investigation. 

The question is left open as to how the volcanic 
heat is localized and applied. There is no obvious 
direct connection between volcanic lavas and hot 
springs, but the heat underground at shallow 
depths is greater in regions of recent lavas or active 
intrusives. The depth for increase of temperature 
downward in flowing wells ranging from 50 to 
1,600 feet, varies from three to forty-eight feel per 
degree Fahrenheit; in mines and non-flowing wells 
from 20 to 60 feet per degree. The average for 
flowing wells is about 30 feet, and in mines and 
still wells about 4o feet per degree. Two hundred 
and eleven places in the western United Stales are 
included. 

There is evidently much hot ground in the re¬ 
gions of ore deposits, recent lavas and hot springs, 
including under “lavas” recent intrusive igneous 
rocks. Heal of acid formation and of rock oxida¬ 
tion is found by Day and Allen to yield only two 
percent of the temperature of boiling springs. 
There seems to be room in the discussion for oxi¬ 
dation of hydrogen and reduction of rock oxides 
as a prevalent deep intrusive heating process in the 
outer crust of the earth wherever engulfment and 
assimilation may be in progress. And oxidized 
hydrogen is water. 

At Kilauea more than thirty wells were drilled 
in the crater floor and adjacent rim to depths from 
ten to seventy feet. These are experimental temp¬ 
erature wells from two to ten inches in diameter, 
and the thermometer gave temperatures varying 
from that of the air to 204° F, Many of the wells 
were uniformly ten feet deep for measuring temp¬ 
erature change at equal distances horizontally 
across the lava floor of the greater crater. 111® 
holes are 1,000 feet apart at the comers of equi¬ 
lateral triangles. 

Temperatures are highest along the eastern mar¬ 
gin of the crater floor and in solfataric cracks close 
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to Halemaumau pit. The contact belt between the 
lava fill and the enclosing wall lets hot gases rise 
from below. Some of the holes in solid lava show 
no heat. Others are very hot because they cut 
cracks bringing up warm vapors, and if they cut 
such a crack diagonally, the upper part of the hole 
may be warmer than the bottom. It thus appears 
that on a cracked volcano the isothermal surfaces 
in depth and thermal contours in plan are guided 
by cracked zones rather than by any symmetrical 
system of temperatures, either downward in the 
solid rock, or across country in relation to the 
crater. 


Observation of caverns in the Kilauea lavas has 
shown marked changes of temperature occasional¬ 
ly, caused probably by shift of winds and under¬ 
ground circulation in a porous mountain. This 
also would be an effect of hot vapor coming up 
cracks with the convection guided in different di¬ 
rections by draughts. The reoccupation with 
thermometers of several of the bore holes about ten 
years after they were drilled showed a tendency to 
general higher temperatures for the decade 1925- 
1935 at Kilauea. A fascinating subject for experi¬ 
ment is to determine heat radiation per unit of area 
at an active volceino. 



CHAPTER XIX 

The Mexican Cordillera Gives Birth to New Volcanoes 


Salvador contains ten active volcanoes along a 
zone of volcanic upbuilding over fault fractures 
behveen the Pacific coastal plain and the Guate¬ 
malan plateau. The zone trends curving into Mex¬ 
ico and Nicaragua with convexity toward the ocean 
as in so many of the Pacific chains of volcanoes. 
At the south end of the line is Coseguina and near 
the north end Santa Maria, both volcanoes that 
have made gigantic explosive eruptions in the last 
century. Salvador in the middle of the curve has 
a group of lava-making volcanoes rising to heights 

of 6,000 feet from a plateau 2,000 feel above the 
sea. 

West of the capital San Salvador, rises the vol¬ 
canic peak of the same name 6,400 feet above sea 
level, and a little lower on the west is an active 
volcano whose crater “Boqueron” contains a lake 
of water 1,300 feet in diameter and 1,200 feet be¬ 
low the edge of its pit. In the district are other 
crater lakes and volcanoes such as El Playon and 
Izalco. El Playon produced a lava flow three miles 
long in 1659. Fiercely destructive earthquakes 
have wrecked San Salvador city twelve times, 
usually with volcanic accompaniments. 

Beginning June 6, 1917 the volcano Boqueron 
achieved the thirteenth catastrophe, splitting open 
its northwestern flank, throwing forth a stream of 
rough aa lava, flinging up ash and cinder with 
thunderous noise, and wrecking towns and coffee 
plantations with a succession of earthquakes that 
lasted a week. 

At 6:55 p.m. June 6 came a terrific shock of 15 
seconds duration, fifteen towns were wrecked in¬ 
cluding the capital, 100,000 people were left roof¬ 
less, several hundred were killed and many were 
woimded. Streams were dammed and deflected, 


water supplies were cut off, bridges fell, refugees in 
the country found the public ways broken and 
blocked, and mountain sides slid down. The dis¬ 
trict of wreckage was twenty miles across. In its 
midst stood Boqueron. 

At the first shock buildings went to pieces, at the 
second landslips broke loose, and at the third the 
flank of the volcano exploded. The new crater 
fissure opened just above the plantation Las Grana- 
dillas. Nine craterlets formed in a row five miles 
long, the lowest “El Tronador” or the “thunderer” 
giving vent to a lava flow. The lava was at first so 
liquid that some people were caught and killed by 
it. There were houses only fifty feet from the place 
of outbreak, and these along with several planta¬ 
tions in the track of the flow were destroyed. The 
flow reached a length of four miles. 

Cinder and ash explosions accompanied the out¬ 
break, and mud rains fell at the city to add to the 
sufferings of the homeless population. The vol¬ 
canic gases were strong, and the acid ash rain 
on bare-headed wanderers was said to cause the 
hair to fall out. The coffee plants were defoliated 
for miles around. Nine plantations were partly or 
wholly demolished. In them the explosive material 
averaged six inches in depth, but in Las Salinas the 
ash was four feet deep. In its deeper fillings the 
lava was 160 feel deep. 

The crater lake at Boqueron showed boiling and 
wave motion, there were steam jets, incaving sides 
to the big crater, and cracks back from the rim. In 
June there was an apparent rise of lake level. In . 
July the lake had sunk away and evaporated, white 
cauliflower clouds came through a bottom fissure, 
and then a circular cinder cone was built up. 

Santa Maria volcano in western Guatemala, after 
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an interval of twenty years, followed its explosive 
and engulfment eruption of 1902 with a lava-plug 
eruption of three years* duration beginning June 

29, 1922. 

The 1902 outburst left a great hole in the south¬ 
west Hanks of the mountain at about 6,500 feet 
elevation. This engulfment crater was left 3,300 
feet across and 800 feet deep to the geyser-like lake 
of boiling water spouting and making sulphurous 
fumes until after 1906. Thereafter the volcano 
became quiet. 

In 1922 at the end of June the same crater sent 
up cauliflower clouds of dust and made rumblings 
and small localized earthquakes and electric storms. 
Mr. G. Hurter of Quetzaltenango on August 13th 
plmtographed the new rounded dome of aa lava 

whr^^ had risen from a fissure in the bottom debris 

% 

of th'd crater, and already had reached 300 feet 
above its lower lip. There was much growing of 
the heap during four months, with rumblings, fume 
jets, crashing of debris down slopes, and sulphurous 
coatings. There was glow at night illumining dust 
jets that were mistaken for flames. Explosive erup¬ 
tions making light ash falls were frequent. Octo¬ 
ber brought temporary decline. 

This Cumulo-dome was of the same type as the 
Pelee heap of 1903, that of Bogoslof of 1907, that 
of Tarumai in 1909, and similar to that of Kilauea 
in 1888. The Lassen plug of 1915 appears to have 
been much the same. These domes have all the 
features of stiff lava flows, forced by the topogra¬ 
phy to pile upward instead of streaming downhill. 
When the Hoopuloa flow on Mauna Loa in April, 
1926 accumulated at the shore below a steep slope 
above, it formed a circular heap with spiny top 
and red hot slide slopes closely resembling the 
photographs from Santa Maria. 

The Hurter photographs present a series of 
eighteen taken on successive dates for three years, 
wonderful pictures showing the growth of this 
Santa Maria lava hill, all from the same viewpoint. 
In 1923 the flow took a fresh spurt enlarging the 
dome, which preserved a finely serrate profile. It 
made a great growth by May. At the beginning of 

1923 it was 800 feet high and 3,300 feet across. It 
swelled further and overlapped the old crater edge. 
It became craggy, square-topped and massive, al¬ 
ways fuming and glowing, in 1924. On June 1, 

1924 a spine 200 feet above the top of the heap had 
pushed itself up through a chasm in the crest. 
This was quite like the Pelee tower or the Bogoslof 
fin. The growth stopped in 1925, leaving the new 


structure 1,600 feet high above iU base and 4,000 
feet across. Its top was now a wide cluster of 
castles, turrets, spires, domes and buttresses, sur¬ 
rounded by sweeping talus slopes. 

Santa Maria thus became a key vent of great 
importance in connection with the seismic and 
volcanic activity surrounding the Caribbean Sea. 
Heilprin states that there was no recorded eruption 
prior to 1902, and in this apparently Sapper con¬ 
curs. The dome growth was replaced by solfataric 
activity which continued until May 14, 1928, along 
with slow development of a second swollen dome 
on the north and northwest sides of the former 
dome. About the side of this new plug eruption a 
short-lived explosive eruption occurred May 14, 
1928, throwing ash over the country to the depth 
of a few millimeters. 

Heilprin believed the events of 1902 indicated 
that in a region like the Caribbean, volcanic and 
seismic phenomena over distances as great as 2,000 
miles are related, that the deep-seated strain of 
magma might make great earthquakes such as geo¬ 
logists call ^Tectonic,*’ that the slipping, upheaval 
and torsion of surface formations in the rock of the 
earth’s crust might be resultants of the jarrings al¬ 
ready given to the deeper earth-crust by magma, 
that the seismo-volcanic condition of the crust is 
proved to be connected with electro-magnetic phe¬ 
nomena as shown by the magnetic storms all over 
the earth accompanying the Pelee eruption, and 
that there is marked synchronism or close follow¬ 
ing of major disturbances, as has been proved at 
different periods for eruptions and great earth¬ 
quakes far removed from each other. 

The striking illustration of these facts was a de¬ 
structive earthquake at Quetzaltenango in Guate¬ 
mala April 17, 1902, synchronous with the first 
outbreak of Pelee in Martinique at the other end 
of the Caribbean Sea 2,100 miles away. Two hun¬ 
dred miles south of Quetzaltenango, Izalco Volcano 
broke out in Salvador and was in full eruption May 
10, two days after Pelee had destroyed St. Pierre. 
Soufrlcre in St Vincent had broken out more than 
100 miles south of Pelee the day before the St. 
Pierre catastrophe. Both Soufriere and Pelee con¬ 
tinued their eruptions in concert into the autumn 
of 1902, and during this time Masaya Volcano in 
Nicaragua started eruptions which continued for 
two years. 

And finally Santa Maria in Guatemala developed 
its unprecedented eruption October 24 - November 
15 and devastated the coffee lands. If there were 
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any doubt about the sub-crustal sympathy of the 
magma in these h*aps from the volcanic fissure of 
Guatemala to the great rift of the Caribbee Islands 
and back it should be dispelled by the fact that in 
September 1929 Pelee broke into explosive eruption 
again just after Santa Maria in 1928 had renewed 
explosive activity which came to a crisis in Novem¬ 
ber of 1929. It is of interest in comparing Sou- 
friere of St. Vincent with Santa Maria to note that 
both these volcanoes in 1902 were left with boiling 
crater lakes. Now Santa Maria has exterminated 
this lake and replaced it with a lava dome: will 
Soufriere eventually do the same? 

A photograph of Santa Maria has much in com¬ 
mon with the scenes pictured on the northeast slope 
of Lassen Peak after its eruption of 1915, and this 
photograph represents part of a stream bed in the 
forest below the crater of Santa Maria as it ap¬ 
peared after the new catastrophe of 1929 which 
destroyed human life and wrecked plantations with 
an incandescent down-rushing cloud of ash, and 
torrential floods which transported gigantic bowld¬ 
ers. In both Lassen and Santa Maria volcanoes, 
as well as at Pelee in 1902, the source of the down- 
blast was a crater partially filled with a stiff plug 
of lava. 

In the evening of November 2, 1929, in the 
vicinitv of Santa Maria, there had been no fore¬ 
warning of the coming danger. It was sultry and 
there was a dry lightning storm, but there had been 
such electrical phenomena in that vicinity of the 
lava dome frequently. At Las Animas, close to the 
volcano on the downhill side, about 9:30 p.m. No¬ 
vember 2, persons sleeping on the plantation were 
suddenly awakened and saw a glowing rain and a 
flood rushing from the heights of the volcano. 
Alarming underground noises followed each other 
in quick succession, then glowing sand and ash fell 
on the roofs. Those who were so fortunate started 
to flee, finding it difficult to breathe the hot air. 

The bell was runa to awaken the laborers and all 
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hastened toward the Rio Concepcion, where the 
river bed was found full of boiling mud errone¬ 
ously called “lava” by the peasants. This was be¬ 
ginning to overflow the adjacent land. They made 
for another branch of the stream and found it 
equally in flood so that they were penned on a 
peninsula between the two torrents and the vol¬ 
cano. They spent the night in the plantation 
house; when there was a pause in the rumblings 
shrieks of the sufferers and calls for help could be 
heard. When they attempted to go to the rescue 


they found the cries came from natives who were 
already engulfed in boiling mud. Nothing could 
be done. 

Early the following morning when daylight en> 
abled them to see the devastated land, they im¬ 
provised a bridge of logs across the stream and 
about 25 persons were rescued. The wounded were 
taken to a house on the main road where a relief 
commission soon began the work of rescue. Bodies 
were seen protruding from the hardened mud and 
some persons were trapped in the wreckage of 
houses. The residence house of one plantation was 
found totally destroyed and in many places it was 
necessary to lay down boards in order to cross the 
excessively hot mud and ash. 

The manager of this second plantation reported 
hearing a terrible thundering, and on looking up 
toward the crater he saw red-hot masses weighing 
tons being hurled into the air and breaking to 
pieces when they struck the earth so that glowing 
fragments and sparks bounced away. Then came 
subterranean rumblings and fiery streams seemed 
to pour down from the crater in winding ava¬ 
lanches of incandescence. The illumination was 
like daytime. Ash and sand fell in a dense rain, 
the temperature rose, and flight became imperative. 

Here also the bell was rung for the laborers and 
at the bank of the Rio Tambor, which had a chan¬ 
nel 100 meters deep and 80 meters wide, the river 
was found in flood and so incandescent with the 
dry accumulations on its upper surface that they 
lighted the bank. This b a very remarkable state¬ 
ment, but quite believable, and accounts for phe¬ 
nomena observed in many of the explosive erup¬ 
tions of Java and elsewhere, when stream floods 
have been confused with lava flows. It is easy to 
believe that light pumiceous ash will make a dry 
bed on top of a mud stream, capable of holding 
incandescent fragments so as to remain lummous 
while it flows. Throughout this eruption of Santa 
Maria the natives thought the contents of the river 
beds were lavas. 

The River Tambor had almost reached the lop 
of the bridge, the under irons were bent, but as yet 
they had not given way. A smaller stream, the San 
Jeronimo, was visited and was found to be flowmg 
backwards owing to the fact that this stream pours 
into the larger river Concepcion, which by reason 
of its greater height and viscosity due to ash sent 
a backwater flood up the smaller stream. This was 
an added danger to the plantation as soon as the 
backilood poured about the bu il d ings . 
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There was no time to be lost. The laborers were 
panic stricken and demoralized. Twenty-six of 
them escaped over the bridge. The man describing 
the event said his chauffeur wished to go back to 
the garage to get the automobile and he had to 
use force to prevent his doing so and snatch the 
key out of his hand. While he was trying to per¬ 
suade him to come across the bridge there was a 
sudden rush of the fiery mud across the slope at 
the bridge head; this liquid, by its great weight 
and stickiness, grasped the man^s legs and dragged 
him downstream into the hot torrent. There was 
only a single heart-rending cry and he was gone. 

Half of the laborers had delayed and were still 
in the plantation, and now streams of overflow 
could be seen making their way through the ham¬ 
let. The man remaining on the bridge called to 
them as loudly as possible, but his voice was 
drowned in the thunder of the cataclysm. He saw 
his residence collapse, and his automobile torn out 
and tossed like a toy on the surface of the stiff 
flood. More than 25 of those who had remained in 
the grounds perished. The narrator saw there was 
nothing for him to do but to save himself, and he 
ran across the bridge just in time to see it carried 
away, leaving the plantation cut off. Then the 
ruins of his house disappeared. 

This was a true fiery downblast of the Pelee type 
such as destroyed St. Pierre. If this eruption is 
compared with the first outbreak of Santa Maria 
October 24, 1902, there are marked differences. 
The 1902 explosion was enormously bigger in out¬ 
put of material and while the loss of the life was 
not greatly different, the destruction of property 
was much less in 1929. The area covered in 1929 
was comparatively small, whereas hundreds of 
square kilometers were buried in 1902. The thick¬ 
ness of ash in 1929 was from two to 10 centimeters 
as against 10 to 20 meters in many places in 1902. 
Whereas in the earlier eruption earthquakes were 
numerous and big, in 1929 they were few and un¬ 
important. Tlie noise in 1902 was heard several 
hundred kilometers away, whereas in this recent 
eruption it was confined to the inunediate neigh¬ 
borhood. 

On the other hand, the devastation in the im¬ 
mediate path of the fiery blast was terrific in 1929, 
though probably not so great as that which des¬ 
troyed St. Pierre in Martinique. There was the 
same deep booming noise, the electric phenomena 
in the sky, the hurling out of glowing masses, the 
carrying of big bowlders on the flood paste of the 


streams. A notable difference lay in the fact that 
the Martinique eruption was by daylight at 8 a.m., 
whereas the 1929 eruption at Santa Maria was at 
night 80 that light phenomena were conspicuous. 
The lava dome of Santa Maria glowed with reddish 
incandescence and glowing masses rolled into the 
gulches. 

The force of the blast was much greater at Mount 
Pelee accompanied with hurricane violence so as 
to carry big stones like cannon balls. In the Guate¬ 
mala outbreak the glowing sand and ash masses 
flowed downwards simply by gravity. There were 
heat phenomena in both blasts but the Pelee blast 
did damage to much greater heights, for there were 
hills In the path of the hot blast of Santa Maria 
where vegetation and houses stood uninjured above 
the level of the destructive cloud. There were at 
least two distinct ]>Iasts in the 1929 eruption. The 
contents of the ash cloud consisted of hot stones, 
sand, and dust which retained their heat a long 
while, and the same was true in 1902 at Soufriere 
and Pelee. 

The killing of people in Martinique was due to 
hot steam mixed with ash, and no case was identi¬ 
fied of true asphyxiation. In Guatemala there 
were more cases apparently due to unbreathable 
gas, a fact confirmed by many accounts indicating 
that people died without any outcry. The breath¬ 
ing of intensely hot air might produce this effect, 
particularly if it were charged with dust, and the 
reviewer would point out that incandescent sub¬ 
stances driven through vegetation would very 
quickly generate enough carbon monoxide for in¬ 
stantaneous poisoning. There were cases in both 
eruptions where the bodies were burned beneath 
relatively uninjuied clothing, owing to death by 
scalding rather than incineration. 

At the place nearest to the Santa Maria crater 
roaring and whistling of the blast were heard, but 
in distinction from the Martinique happenings an 
inrushing reverse wind was conspicuous, blowing 
toward the crater, trees showed scour on the side 
away from the crater, and in some cases were 
scorched on the side remote from the volcano. 
This recalls the indraft at Vesuvius in 1906, when 
stones broke windows on the sides remote from the 
volcano. 

A peculiarity of the Guatemala happening was 
the wetness of the climate and the occurrence of the 
eruption at the end of the rainy season. Thus it 
came about that glowing stones and sand clogged 
the streams and caused their waters to boil, greatly 
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increasing the volume of the liquid, and in places 
the valleys were filled with solids so that the flood 
swept through the intervening lands. It happened 
that the downblast coincided with the drainage 
system. There is no reason to suppose that the 
gigantic bowlders were thrown to the position 
where they now lie any more than in the case of 
Pelee or the flooding of Hat Creek in the Lassen 
cataclysm of 191b. These big stones were carried 
with the mud jumble. 

Very little pumice fell at the beginning of the 
eruption. There was much reddish ash. An ana¬ 
lysis showed the presence of sodium chloride with 
three percent of lime sulphate and traces of silica. 
Petrographic investigation of a rock sample from 
the lava dome gulch at elevation 1,800 meters above 
sea level determined the magma to be a hypers- 
thene-hornblende andesite containing 55 percent of 
plagioclase, hypersthene in well-bounded crystals, 
hornblende deeply corroded and showing dense 
borders of magnetite granules. Three ash samples 
of various coarseness were examined, with splinter 
outlines of irregular shape generally showing color¬ 
less glass, but sometimes none, and otherwise con¬ 
taining fragments of feldspar, red brown horn¬ 
blende, and rare rhombic pyroxene. Otherwise 
there was some augite and a moderate amount of 
magnetite. 

The place of origin of the 1929 blast was the lava 
dome of 1922. This dome had begun to glow some 
days before the outbreak. A rift was formed in 
the south side of the dome where earlier small 
glowing discharges had taken place. The place 
was thus prepared for a glowing avalanche along 
a gash into the valley below. Somewhere along the 
middle of the dome an elongate crateriform de¬ 
pression was seen after the eruption, its alignment 
almost due south. Here after the main eruption a 
steep-sided bulbous lava mass welled up, the ava¬ 
lanches from the slopes of which produced almost 
no dust, in contrast to the outer avalanches of the 
older dome which stirred up great quantities of 
dust from the recent eruption. 

Mexican Volcanoes 

The high plateaus of Mexico contain mighty vol¬ 
canoes which are an extension northward of the 
rift heapings of Guatemala. Colima is the Vesu¬ 
vius of Mexico, but we can refer here only to re¬ 
cent cases of volcanic lands erupting in new places. 

Like Izalco, the Mexican volcano JoruUo broke 
out in farming coimtry of Michoacan province 


amid old volcanic hills made of basalt, trachyte 
and ash in the Malpais upland 2,500 feet above the 
level of the sea and 150 miles from the coast. 
It was described as in a land of fertile fields of 
sugar cane and indigo. Its summit is now 4,265 
feet above sea level. It is in country between the 
volcanoes Colima and De Bravo. 

In June 1759 alarming rumbles and two months 
of earthquakes began until at the end of September 
the country cracked open, flames and incandescent 
rocks were thrown up and the eruptions lasted until 
February 1760. 

Six volcanic cones composed of pumice and 
broken lava were formed on the line of a chasm 
trending with tlie Cordillera north-northwest to 
south-southeast. The smallest of the cones devel¬ 
oped a height of 300 feet and Jorullo was described 
as developing a central volcano pouring out bas¬ 
altic lava flows and building itself 1,600 feet high 
above the level of the plain. Fragments of gran¬ 
itic rocks were found as inclusions in the basalt. 
The region still showed incandescent action in 1780 
and convexity over four square miles with ex¬ 
cessive heat that lasted for forty years. There 
were small conical mounds and large fissures that 
gave out clouds of steam and sulphurous acid. By 
1803 the steaming had ceased, vegetation had made 
progress on the new hills and there were new wood¬ 
lands and farm crops. 

The newspapers reported in December, 1926, 
that in Chiapas next to Guatemala a new hill had 
built itself up in southern Mexico called Mount 
San Cristobalito. Subterranean riunblings were 
heard and a sulphurous stream of curative powers 
was said to have increased in volume. The mound 
was said to have begun to form about 1918 and 
engineers pronounced it a developing volcano. It 
was said that persons on top of the mound encount¬ 
ered suffocating gas and intense heat as though 
subterranean pressure were preparing to blast its 
way to the open air. 

In early 1943 came the news that a new volcano 
Paricutin (pronounced Pahree'kooteen) had built 
itself upon farming land. Dr. David Crawford, 
former president of the University of Hawaii and 
then resident in Mexico City, described it as an 
explosive pile of ash and cinders that began belch¬ 
ing up in the middle of a farmer’s field when be 
was plowing and continued in action for years, 
still intense in 1945. Great masses of bowlders 
and smaller material were thrown up, down to 
very fine volcanic dust that went miles into the 
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air and settled all over the country. Some was 
collected in Mexico City. 

Press reports of July 28 1943 describe Pari- 
cutin as throwing up red lava continuously, and 
built into a mountain more than 1,000 feet high 
and a mile across. A first crater was built at the 
it and another had opened on the side. The 
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location was stated to be like JoruUo, in the state 
of Michoacan, 330 kilometers west of Mexico City. 
Sightseers were travelling to the new cone. The 
farmers’ fields were converted into gray deserts, 
low booming noises accompanied the volleys from 
the new crater and the town of Paricutin had to 


be abandoned by its eight hundred inhabitants 
and rehabilitated twenty-five miles away. 

A Tarascan Indian named Dionisio Pulido dis¬ 
covered the eruption February 20 1943, on his 
sixty acres of corn and bean land. He is quoted 
as saying: 

“That Saturday I was in the field with my wife 
Pabla and our ten-year old son Cresencio who 
were shepherding our little lambs while I was 
plowing the field to plant com. 

“Suddenly I heard the ground in front of me 
snort and there the smoke came out of the earth 
and I thought the world had caught fire. The 
ground thundered for ten minutes and water seemed 
to be running down below. Then the ground 
hissed and I saw smoke and I remembered that 
an engineer had said a volcano might come as we 
had been having earthquakes every day for eigh¬ 
teen days. 

“Everybody in Paricutin was frightened and 
many fled to San Juan. Sunday I went to get my 
oxen and donkeys for stones were falling. Large 
crowds from Uruapan were there looking at the 
volcano which now was ten feet high. My family 
went away but I slept in Paricutin that night and 
remained there as long as I could but when the 
ashes buried the village I had to join the others. 

Scientific men set up a laboratory in the village 
of San Juan Parangaricutiro, a place of 2,500 
inhabitants but the crops here and in two other 
villages were destroyed. San Juan is about four 
miles from the volcano. At Uruapan the U. S. 
Coast Survey set up a seismograph to observe 
the earthquakes, geologists and soil experts were 
studying the volcanic products, and government 
physicians found that many of the refugees had 
contracted respiratory diseases from the volcanic 
dust. 

Uruapan ia the terminus of railway, highway 


and an air line, rough cars can reach San Juan 
over twenty miles of one-way road damaged by 
flood waters and volcanic ash, and through forest 
and hills the remaining four miles is done mule- 
back or on foot. 

The inhabitants of this country tap the pine 
forests for resin or are small farmers and there 
are many small volcanic cones. The earthquakes 
had begun February 5, the outbreak through the 
field February 20, in three days the fragments 
of hot lava had built a heap 170 feet high with 
slopes at about 32 degrees. Geologist Ordonez 
on August 10 reported height above the former 
ground 310 meters and basal diameter of the 
hill 1100 meters. 

The activity developed short violent eruptions in 
rhythms of one to two months. During maxima, 
bombs, scoriae and cinders were ejected, accom¬ 
panied by flows from the flank, of rough basaltic 
lava. The nearby country was buried in cinder, 
clogging water conduits at Uruapan 35 km. away, 
and damaging crops. Bombs reached 3 to 4 cubic 
meters and weighed 8 to 10 tons. The basalt is 
highly inflated with gases. After three months 
the explosions were less and the ash more; and 
after four months there were many lava flows issu¬ 
ing from within the cone. Jorullo lies about 50 
miles southeast of Paricutin. 

Lava of Paricutin had appeared within two days 
of the first outbreak, but from a fissure in old 
ground 1000 feet north of the explosive vent. The 
base of the volcano lies about 7500 feet above sea 
level in the Sierra Madre Occidental. The geology 
of the region shows several hundred cones within 
75 miles of Paricutin, ancient as well as very re¬ 
cent, some of them concentric ring-ridges. The big¬ 
gest is 4000 feet above the country rock. The first 
gush of the new hole merely broke the sod and 
sent up a spiral of smoke three inches in diameter. 
Three hours later the hole was thirty feet deep 
sending up dense dark smoke and that night the 
explosions began, about four to eight seconds 
apart. They were like cannon firing, mostly with 
deep or surface noise, and material was flung 400 
to 800 feet vertically. At the top dark expanding 
cumulus clouds of ash billowed to elevations 6000 
to 8000 feet, and above that white vapor condensed. 
At 10,000 feet the cloud was pure white. It rose 
to 15,000 feet and bent east in a horizontal cloud 
bank, making ostrich plumes upward as it pro- 

The trajectory of the base of the column deviated 
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from the vertical 10 degrees westward, piling the 
cone lopsided. This angle of ejection oscillated 
west to east and back, the process whereby a heap 
maintains symmetry around a central well. Half* 
inch cinders rained down, cool, light and porous, 
but large blocks made pits three to five feet in 
diameter and twenty feet apart on the leeward side. 
The greatest distance of bomb impact from the 
center was 3500 feet. Most bombs were sub- 
spherical and not usually soft. The largest block 
was fifty feet across, the average four feet. They 
were highly vesicular basalt lava, but some pieces 
of old granite or diorite from the deep wall rocks 
were flung up in angular shapes. The night effect 
was a “flower-pot” of fireworks. 

The first flow grew for six weeks to more than 
a mile long, three quarters of a mile wide and 
100 feet high with steep sides and fronts and flat 
aa top covered with sprouts and blocks 3 to 15 
feet across. It moved about 3 feet an hour where 
inspected, burying its track of bowlders like a 
caterpillar tractor. The riven gashes showed red 
hot, pasty dense slag that solidified quickly. 

Fumaroles a foot or less in cross-section gave 
off white smoke largely ammonium chloride which 
condenses to white sal ammoniac, with fringes of 
orange-colored iron chloride. It is curious that in 
this eruption the observers do not mention sulphur 
smells or deposits just as at Sakurajima. 

Early in April there were electrical storms in 
the midst of the heavy ash-fall, with lightning 


strokes thirty an hour, flashing upward a few hun¬ 
dred feet above the top of the cone, with sharp 
crackles but no thunder. Many flows came, each 
preceded by violent explosive activity. They made 
gaps in the sides of the cone. One flow three miles 
long reached Paricutin village, moving a hundred 
feet an hour. A spreading flow close to the vol¬ 
cano went 1500 feel in fifteen minutes. 

Trask describes flying over the crater. Lava filled 
it, with congealed aa surfaces and ashes, from a 
vent of the cone’s slope outside 150 feet below the 
crater lip. It was red hot only at the opening. 
June 19 the cone was 1200 feet high; it was 300 
feet higher in September. 

Specimens of good quality of sal ammoniac 
crystals were found along the margin of a con¬ 
gealed flow forming at 180 degrees Fahrenheit, 
the iron chlorides forming at 150 degrees F. A 
crevice red hot inside after three months of erup¬ 
tions gave 1600 degrees F. Cooling of the lava 
was therefore slow. All accounts appear to agree 
that glassy pahoehoe or ropy lavas are rare in 
Michoacan province, but liquid-lava bombs did 
occur in this eruption, shaping in the air to dumb¬ 
bell, or pear, or almond forms. Pough reports 
some “thin, liquid” flows, but the pictures show 
them to be aa clinker surfaces. All that we know 
now of the lithology of these lavas is a bare name, 
“andesitic basalts,” and of the odors smelled there 
is no mention. Sulphur is absent in new craters, 
but accumulates under old ones. 


CHAPTER XX 

Central America is Explosive Like Java 


The question has been raised as to what con¬ 
stitutes comparative volcanic activity for different 
districts. Different methods of classifying intensity 
are the “Index of decadence,” where an index 
number is applied to the percentage of extinct 
volcanoes for the total number of a district; the 
total number of historical “outbreaks”; the number 
of volcanoes active for the aggregate length of the 
volcanic zone; volume of output of lava; and lastly 
volume of output of explosive materials. 

It was found that the volume of output makes 
the most consistent table for a list of regions, but 
that the output of lava is at the opposite end of 
the list from the output of explosive material. 
Thus Iceland leads all other districts in output of 
lava and the Dutch East Indies lead the world 
very greatly in output of fragmental deposits for 
the period of human history. The oceans and 
subarctic regions are the great lava producers, the 
continental borders and the equatorial belt produce 
much explosion. 

Reading by explosive output alone, we get the 
following series by Sapper’s revised tables: 

Cu. Km. Fragmental 


1. Java belt . 185,0 

2. Central America . 58.0 

3. Alaaka-Aleutian. 30-0 

4. Iceland. 10.0 

5. South America . 0.5 

6 . Japan. 8*2 


7. Philippines-Molucca 


8. Kamchatka-Kurile . 6.0 

9. New Zealand-Tonga . 4.1 

10. North America-Antilles . 3.5 

11. Mediterranean. 3.5 

12. Melanesia . 3.1 

13. Atlantic Ocean . 2.2 

14. Indian Ocean-Africa . 2.0 

15. Central Pacific . 1.5 


Contrast with this the following list in the order 


of lava output: Cu. Km. Lava 

1. Iceland . 15.5 

2. Central Pacific . 11.0 

3. Indian Ocean-Africa . 8.0 

4. Atlantic Ocean . 5.5 

5. Mediterranean . 5.1 

6. Kamchatka-Kurile . 5.0 

7. Japan . 3.5 

8. Alaska-Aleutian . 2.0 

9. New Zealand-Tonga . 2.0 

10. North America-Antilles . 1.5 

11. South America . 1.2 

12. Philippines-Molucca . 1.2 

13. Central America. 0.6 

14. Java Belt . 0,5 

15. Melanesia . 0.1 


If we compare these two columns it is evident 
that for the geologist to whom explosive violence 
is characteristic of terrestrial activity, the Dutch 
East Indies stands at the top. And to him for whom 
magmatic outflow is all important, Iceland and 
Hawaii are the leaders, though Hawaii comes at 
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the bottom of the list based on explosiveness. 
Japan occupies nearly the same position (Nos. 6 
and 7) in the two lists, and the districts occupying 
the same position in both lists are New Zealand- 
Tonga and North America. It is clear that ex¬ 
plosive violence and lava outflow are opposed, and 
that if either of these qualities is to be used as a 
measure of volcanic activity, the other should be 
in the nature of a measure of decadence. 

Granting that engulfment and the admission of 
ground-water is what leads to explosion, and that 
on the other hand the rise of primitive magma and 
exclusion of ground-water is what leads to lava 
flow, then it would appear that only the latter 
magmatic happening can be construed as a meas¬ 
ure of pure volcanicity. Any magmatic vent in 
the earth-crust may enter into an explosive phase 
through the recession of the magma. This has hap¬ 
pened in Iceland and Hawaii, and the fragmental 
output thus produced is merely a rearrangement 
of broken rocks. 

On the other hand, it is quite possible that some 
volcanic regions are characterized by intrusive 
magma in just as great volume as anything poured 
out in Iceland or Hawaii. These places would 


make steaming solfataras and boiling waters, would 
deposit much sulphur and other salts along cracks, 
and if the intrusive magma receded, would gen¬ 
erate explosive eruptions, followed by an exhibit 
of little or no lava at the surface. The lava ex¬ 
hibited might be a stiff plug or dome of highly 
siliceous magma at the crater. It happens that 
just such andesite or dacite domes are well known 
at many explosive volcanoes. This proves that 
these volcanoes are truly magmatic, but that they 
do not make lava flows. 

Decadence of volcanism, then, as interpreted by 
explosion, may mean merely a transition from 
basaltic flow lava to andesitic intrusion lava. In 
this connection Central America is very interesting. 
Sapper lists 26 active volcanoes between Costa 
Rica and the Mexican border, averaging one every 
50 kilometers when this line of activity is treated 
as a single belt. Central America ranks thirteenth 
in lava output among volcanic regions, but is sec¬ 
ond only to the Dutch East Indies in explosive 
output. 

In a recent article on the most active “volcanic 
regions,” Dr. Sapper has compared the strongly 
active districts of the world by density of cluster- 
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ing of volcanoes, by frequency, and by output, and 
makes the following remarks on the resulting tables: 

“Iceland in the period since 1500 A.D. has ex¬ 
ceeded all other places in output of lava, in that 
it has poured out a third of the world’s lava out¬ 
put, or about 16 cubic kilometers out of a total 
of 50 cubic kilometers. Hawaii comes next to 
Iceland in lava output 

“In the production of broken material the Dutch 
East Indies have produced more than half of the 
325 cubic kilometers ejected on earth since 1500 
A.D., with Central America coming next and the 
Aleutian-Alaska system third.” (These figures differ 
from earlier tables owing to the inclusion of a 
large volume for Katmai in 1912. This illustrates 
how quickly computations may change through a 
single volcanic event.) 

If one considers the great length of the Java- 
Sumatra and the Aleutian belts, respectively, as 
compared with the shorter Central American belt, 
and one thus includes density of clustering as a 
measure of activity, it is found that the output of 
Central America per hundred kilometers of length 
is 4.6 cubic kilometers of explosive material, where¬ 
as that of the Dutch East Indies is only 3.7. This 
would make the Central American region the most 
productive of explosive material per unit of area, 
with the Dutch East Indies second and the Alaska- 
Aleutian belt third. It further appears that when 
these belts are examined in detail, the two ends are 
less productive than the middle. 

It is remarkable that the three most important 
regions on earth for throwing up explosive ma¬ 
terial, and so giving evidence of cycles of intrusive 
activity at the present time, all lie in inter-conti¬ 
nental districts—^Java between Asia and Australia, 
the Aleutian Islands between North American and 
Asia, and Central America between North and 
South America. The Central American belt is 
strikingly different in its volcanic activity from the 
much weaker volcanism of the mainland of North 

4 

and South America. By this demonstration. Sapper 
makes the Central American region one of the 
most important on earth. 

In the map there are shown many volcanoes 
between Turrialba in Costa Rica and Tacana near 
the Mexican border of Guatemala. In Salvador 
and Guatemala there are volcanoes producing lava 
flows, and others producing extrusive lava domes. 
In Nicaragua there are volcanoes of first magnitude 
and very frequent activity represented by Masaya, 
whereas Momotombo and Coseguina are both dis¬ 


tinguished for some of the greatest eruptions of 
history. It is worthy of note that two of these are 
on opposite sides of Managua, where a recent 
earthquake occurred, and that the proposed route 
of the Nicaragua Canal is in the midst of an earth¬ 
quake and volcano belt. 

Santa Maria volcano in Guatemala near the city 
of Quetzaltenango is the most dangerously active 
vent of the Central American group at the present 
time. Agua Volcano is one of the beautiful cones 
near Guatemala City. There are three in this 
group, Agua, Fuego, and Acatenango. Some of 
the terrific earthquakes of history occurred right 
at the foot of all these volcanoes, and both of the 
cities named were recently wrecked, Quetzaltenango 
in 1902, and Guatemala City in 1917. 

Here and at Managua on Lake Nicaragua it is 
legitimate to inquire whether intrusive magma does 
not strain the earth-crust to make great earthquakes. 
There is no necessary reason for expecting simul¬ 
taneous “activity” at the nearby volcanoes if an 
intrusive mass, by slow spreading laterally far un¬ 
derground, suddenly breaks or splits the earth shell 
subterraneously, without draining down a crater. 

Acatenango, elevation 3,960 meters, is a double 
cone close to Fuego, and at the end of the nine¬ 
teenth century it exhibited slight fumarole activity 
in its southern summit crater. At 8 p.m., December 
18, 1924, an explosive eruption broke out and 
lasted 20 minutes. A crack opened about 300 
meters north of this summit, in the saddle between 
it and the northern peak called Tres Marias. Hie 
crack was right on the line connecting the two 
cones. Fiery glow was seen and products of the 
eruption were water, sulphur vapor, and fine gray 
ash. There were 15 cups along a rift 75 meters 
in length; bright yellow sulphur deposits were 
formed along the crack. There were light falls of 
ash in three towns. 

An ascent of the volcano by residents January 5 
1925 discovered the straight line of vents steaming 
like an engine, ending at the south with a new 
large crater 60 metres in diameter and 80 meters 
deep. The steam rushed out violently so as to 
eject small stones. The west slope was covered 
with ash, and one’s feet sank in it 20 centimeters 
at each step. The individual furoaroles were 2 to 4 
meters across and up to a meter and a half deep. 
Ibe ash was dark and muddy and there were sul¬ 
phur stains. The big new crater sent up dark, 
yellow, sulphur vapor, whereas at the north end 
of the row of small cups pure steam was rising. 
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At the southern summit crater there was no partici¬ 
pation in the eruption, but white vapor rose at the 
west edge. 

The second outbreak occurred February 10, 1925, 
at a large crater in the middle of the north slope 
of the southern peak. This also lasted 20 minutes, 
with wind in different direction from the first one. 
There was hissing from the new fumaroles, but the 
explosion was not so strong as before. On Feb¬ 
ruary 22 there was decrease of activity, and a new 
ash field made a conspicuous white object for 200 
meters on the east slope of the summit. A new 
pit had been formed 50 by 40 meters in size, on 
the rim of which lay many stones in the midst of 
the ash, of 50 centimeters diameter. There was 
further activity at 4 a.m. March 4 and again at 
2 p.m., so that a new ashfall occurred, and when 
the peak was visited March 13 some of the fumar¬ 
oles had increased their activity. There was wet 
ash around all the openings, some blocks of rock a 
meter in diameter were found during the ascent, 
and trees were broken down. 

A compass needle showed no disturbance on 
Acatenango, whereas Fuego at its sununit pro¬ 
duced great irregularities in magnetic declination. 
At this time Fuego also was showing increased 
fumarole activity. 

On May 7 a strong outbreak of ash occurred at 
Acatenango, and it was found that trees 30 centi¬ 
meters in diameter were broken off one meter 
above the ground, only the eastern of the saddle 
fumaroles were active weakly, while the western 
ones had caved in to form a large hole where gas 
was escaping. A small channel had formed con¬ 
necting different openings. From the mid-slope 
crater on the north side of the southern peak steam 
arose feebly, but from the summit rose big steam 
jets mixed with ash, and a part of the crest had 
fallen in. All these facts suggested a gradual in¬ 
crease of activity from the beginning of the 
year 1925. 

Acatenango in 1926 after September was in con¬ 
tinuous light activity from the same vents, and 
March 30 1927 a great rumbling occurred heard 
in the neighboring towns. Some fine gray ash fell 
March 31 and April 1 while thick steam clouds 
rose from the peak. Then the activity died away 
and nothing more was heard from this peak. Steam 
was occasionally seen. 

On the other hand Fuego in August 1927 had 
increased its activity, 25 irregular fumaroles were 
in action on the southern peak and about 10 on 


the east side. There was much sulphur at the 
peak of Fuego. Out of the crater steam puffs shot 
up every 10 minutes, and during two hours there 
were six slides heard in the crater, which is from 
300 to 400 meters deep. The east-west diameter 
is 150 meters and the south-north 75 meters. The 
northeast rim consists of ash and is higher than 
the southwest margin, which shows bedrock. 


Earthquakes and Craters of Costa Rica 


There were many earthquakes, eruptions and 
floods in the mountainous and volcanic lands of 
Costa Rica from the seventeenth century on, but 
reliable records only begin about 1840. From that 
time some ten to twenty earthquakes per year were 
sufficiently destructive to be recorded. From 1888, 
when there was a severe shock in central and 
western Costa Rica, the Alajuela disaster, a seis* 
mologic station was established in the capital San 
Jose, and from thirty to eighty local earthquakes 
per year were registered, many very short, only 
from four to sixteen seconds duration. 

Cartago, the second city, and near the conti¬ 
nental divide, has suffered terribly from earth¬ 
quakes in 1822, 1841 and 1910. April 10, 1821, 

a shock damaged the parochial church, and a year 
later. May 7 1822, the whole of central Costa Rica 
was devastated by a major earthquake, aggravated 
by the rainy season that deluged the refugees in 
their straw, plank or skin huts. In 1827 a church 
at Nicoya on the Pacific coast was ruined. Sep¬ 
tember 27, 1841, Cartago was destroyed anew by 
a violent quake. The population numbered 17,000, 
and a third of them were trapped in the ruins an 
many lost their lives. The center of the city con¬ 
taining 600 large and beautiful buildings including 
many churches was a total wreck, and 4,205 hous^ 
were more or less demolished. Shocks continue 


5 r twenty-one months, keeping the inhabitants m 
ght shacks exposed to the weather. This was c 
rorst Costa Rican seismic disaster in the 1 
entury. The year 1851 produced a serious earth- 
uake at San Jose, which is a few miles west o 
lartago in the same mountainous central region. 

The terrific Cartago earthquake of 1910, on May 
th, demonstrated the obscure but intimate r a 
ionships between volcanoes and these sho 
lartago is at the foot of Irazu volcano and 
ose near the base of Poas, another active cone 
rith a geyser-like lake of boiling water in its crater, 
n 1910 the disaster year Poas became explosive 
n January 25th and threw much ash over tb* 
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country and pumice bombs on the borders of its 
crater. In southern Costa Rica there had occurred 
a strong shock January 10th. On April 13th there 
were two midnight shocks of great intensity near 
San Jose, damaging several towns, and felt from 
Nicaragua to Panama; the aftershocks were numer¬ 
ous and kept many persons in camp outside of their 
houses. On May 4th at 6:50 p.m. the tremendous 
jolt from the east came after an afternoon of many 
shocks and made of Cartago a heap of rubble, 
destroying the Carnegie Peace Court, the churches, 
dwellings, public buildings, and shops. There were 
killed 272 persons and hundreds were wounded. 

Irazu volcano in 1910 showed cracks about its 
crater, but no activity until 1917 when it broke 
into explosive eruption damaging the agricultural 
lands with ash. March 4, 1924, violent earthquakes 
shook the western half of Costa Rica, again two 
shocks an hour apart, seriously injuring San Jose, 
several other towns, the roadways by landslip 
debris, the western railway and a large country 
district. 

It is worthy of note that in 1891 Cartago was 
smashed by another type of disaster, a sudden 
torrential river flood caused by a cloudburst. This 
started a landslide that dammed a stream, which 
finally burst the barrier. 

Pittier describes the mountains of Costa Rica as 
divided into a southeastern system of old eruptive 
rocks without volcanoes, and one peak reaching an 
elevation of 12,467 feet; and a northwestern system 
with active craters. This chain of volcanoes begins 
'with the conical peak of Turrialba, rising in an 
uninterrupted slope from the Santa Clara plains 
to a height of 10,965 feet. Going west from Tur¬ 
rialba we pass Irazu, Barba and Poas volcanoes, 
and from there northwestward the range diminishes 
in height past the less conspicuous volcanoes Teno- 
rio, Miravalles, La Vieja, and Orosi, whereafter we 
reach the Nicaraguan boundary. 

With Professor Spofford of the Massachusetts 
Institute of Technology, the author visited Costa 
Rica in the early summer of 1910 in order to study 
the effects of the terrible earthquake of May 4, 1910 
at Cartago. He visited the craters of Irazu and 
Poas. President Jimenez kindly furnished the fol¬ 
lowing acscount of a visit to the crater of Turrialba 
in 1864. At that time Poas, Barba, and Irazu were 
“not altogether dead,” but Turrialba was in com¬ 
plete activity, and had been so for many years, 
sending out thick and high columns of smoke mixed 
with plenty of sulphur so as to destroy the vegeta¬ 


tion on the slope of the mountain. Large deposits 
of sulphur of great purity were said to exist on the 
northeast side. 

The biggest craters, more than 300 feet deep, 
showed black and yellow walls leading into the 
depths where more than a hundred mouths five to 
six feet in diameter, fringed with yellow layers of 
sulphur were hissing and sending up vapor with a 
noise like steam boilers. The roar of the steam 
was terrifying especially on the east and west cor¬ 
ners of the crater where two larger vents sent up 
excessive vapor with a rush. All of the vents 
together made a large column of fume at the lip 
of the crater over 90 yards in circumference, and 
this sent a high column above the mountain in 
calm weather as seen from the town of Heredia. 
The vapor was said to increase in winter-time after 
heavy rain. There is an eastern extinct crater 
adjacent to the active one, and yet a third to the 
northeast where water collects in winter time. 
Between the three craters are three sharp ridges 
meeting in peaks of which the northern and eastern 
are the steeper. 

The circumference of the crater region is about 
1,800 yards. Its shape is somewhat elliptical and 
irregular. Its inside walls are nearly vertical, cov¬ 
ered in places with yellow layers of sulphur, and 
on account of the noxious fumes and the loose 
ground the descent is dangerous, and to return 
might perhaps be impossible. The outer wall of 
the crater to the west is peculiarly dangerous to 
walk upon; wherever one digs with a stick a small 
smoking chimney is created with deposits of sul¬ 
phur and other salts, and in a short time the heat 
rising from the hole so made is excessive. 

The ground on the plateau about the summit is 
covered with lava fragments, sand, clinker, sulphur, 
and various salts, and there is little vegetation ex¬ 
cept to the south where the ground is not reached 
by fume. Here there are dwarf scrub and creeping 
plants. The walls show layers of rock of many 
different colors exhibiting the structure of the 
mountain, and there is sign of lava flows toward 
the ndi)ih, where also the greatest devastation has 
been brought by fallen materials. 

Turrialba has a beautiful crater, forming a nar¬ 
row elongated basin, in constant activity through 
the ejection of sulphurous vapors mixed with sand 
seen escaping noisily during recent years from the 
broad vent at its westernmost extremity. The only 
known violent eruption of Turrialba occurred in 
1869 when it threw out much explosive material 
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and fine sand carried by the trade winds far to 
the west. 

Irazu is about 360 feet higher than Turrialba 
and its open crater contains several interior pits. 
The following is from my journal of 1910, when 
we started for the summit from a lovely dairy 
ranch in the forest high on the mountain flank: 

On June 3 we were up before the dawn, our 
hostess served coffee, and accompanied by a guide 
we mounted our beasts and entered a steep winding 
woodland path. Mr. Alfaro pointed out a rather 
large quick-flying bird which gave a plaintive 
whistling call: it was that rara avis the Quetzal 
which in Guatemala is regarded as the national 
bird. We passed from the tree line to a zone of 
shrubs and here the glorious summit view burst 
upon us, the Caribbean Sea far to the east and a 
dark Pacific loom under the clouds to the west. 
We were standing on one of the dividing peaks of 
the Central American watershed and viewing both 
oceans at once! 

Below us stretched the fair and fertile plains of 
Paraiso, Cartago, and San Jose, too far away to 
show any sign of the recent tragedy. Beyond to 
the south were the calm, dark mountains, as still, 
silent, and emblematic of terra firma as though 
earthquakes had never been. More tumultuous 
were the moving clouds, especially over the Pacific 
where they caught the high roseate lights and dark 
shadows of the dawn. Looking eastward toward 
Limon the rising sun made a trail of tropical glory 
along dim misty waters and pale pearl-gray clouds 
below, the foothills piercing the clouds like islets 
in a billowy sea. 

As geologist I noted the much greater fall of the 
eastern streams, such as the Raventazon, as con¬ 
trasted with the extended gently falling drainage of 
the broad valley to the west occupied by San Jose, 
San Domingo, Heredia, and Alajuela and other 
towns. The Raventazon shows a gorge just east 
of Paraiso and it is clear that if any massive uplift 
of this country is going on which causes the drain¬ 
age to cut deeper, the maximum uplift is on the 
eastern side of the country. If the movement is 
a tilt, then it is a tilt up on the east, down to the 
west. This agrees with the appearance of elevated 
coral shelves and forelands in British Honduras 
and at Limon in Costa Rica, in that such raised 
oceanic formations give evidence of elevation on 
the east coast. Apd the west coast shows drowned 
valleys. 

As one looks down from the summit of Irazu on 


Cartago and Paraiso, these towns appear to lie on 
an intramontane plain, and all about them are the 
evenly rectangular tilled fields of a fertile agricul¬ 
tural land. They are really on the pediment of the 
volcano where the outwash from the gulches has 
built fan-cones of soil and bowlders onto the floor 
of a broad valley which originally drained west¬ 
ward; i.e. towards San Jose and the Pacific. The 
evidence of this change of drainage is shown by 
a barbed stream beyond (S.E. of Paraiso), in a deep 
gorge which now joins the Raventazon at an acute 
angle headwards, whereas its original junction with 
a normal west-flowing drainage was at an acute 
angle mouthwards. 

In other words, the Raventazon and its tribu¬ 
taries has robbed the waters of formerly west¬ 
flowing rivers and thereby has forced the conti¬ 
nental divide to shift from a former position east 
of Paraiso to a present position west of Cartago. 
Cartago is thus practically on the continental di¬ 
vide, in territory where the divide is, so to speak, 
disputed by a conquering eastern drainage, which 
is cutting deep canyons, and a conquered western 
drainage which has lost volume and is losing rapidly 
its basin lands. This physiographic change may 
have significance as one of the many causes which 
serve as trigger to the earth stresses which make 
the earthquakes. 

Continuing our climb, now in the bushy zone of 
the high summit, we came to bare patches of soft 
black cinder with new fractures in the earth. These 
fractures were marked by rows of caving holes—in 
one place two feet wide and another six feet wide 
and the rows trending WNW. Such cracks are 
not unusual in the crater region of a volcano and 
these in Irazu were not necessarily the product of 
the recent earthquake disturbance. The WNW 
trend is about parallel to the main fissure system 
which must underlie the chain of volcanoes of 
which Irazu is a part. 

The summit of Irazu was soon reached. This w 
on the south side of the crater and is merely the 
highest point of its rim. The crater north of 
as we stood on the peak in an uncomfortably stiff 
breeze, appeared to be an irregular drainless de¬ 
pression over a mile wide with two broad shelves 
of lava within it, one over the other like steps 
on the side toward us, and a quantity of irregul^ 
deep pite in the opposite or northern side of the 
hollow. The effect is as though the whole cauldron 
had once been filled with lava to the level of the 
highest step; the lava seems thereafter to have 
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hardraed Md ^led in on the north and amid yards down the mountainside. Mr. Alfaro informed 

formed at different braw, making the several round- patch began about 1888 and that the sulphur, which 

ish or empbcal pite. The lower step would by this may be removed in fairly thick cakes, is deposited 

^lanation be a piece of the frozen lava lake which from gases which emerge from pores of the rock, 

had slipped down toward the convulsed northern We saw no hot water or visible vapor, but recent 

haH of the bowl. photographs and records by other observers indi- 

On the east there is the largest of the pits, which cate that solfataric steam is ejected from time to 
reaches almost the dignity of a subordinate crater. time. 


The northern rim is very low, and the northern side 
of the mountain is profoundly eroded in deep, 
steep furrows by the headwater branches of a 
muddy river, known as the Rio Sucio, by reason of 
its turbid waters. This river is imdoubtedly the 
main drain of the crater by imderground channels. 
The crater had some shrubby and herbaceous vege¬ 
tation. There was nothing immediately suggestive 
of recent activity or earthquake slides. The ground 
on the crater rim was covered with angular frag¬ 
ments of andesite and blackish gravel. The walls of 
the steps and of some of the pits show bedded sec¬ 
tions of lava, hard rock, while the “treads” of the 
step-like terraces have “playas,” dried mud ponds, 
on their surfaces. There are seven or eight pits, 
mostly choked at the bottom visibly by slide-rock, 
but one or two extend below into black holes which 
continue down indefinitely. There is a shallow pond 
of milky water in one of the pits. 

To the east rises Turrialba, a beautiful flat-topped 
cone, said by those who live on its flanks to be the 
theater of hollow murmurings from the bowels of 
the earth. These “retombos,” or terrestrial grumb¬ 
lings, we heard described by all our friends resi¬ 
dent in the vicinity of San Jose, and the residents 
had become so sensitive to these noises that they 
heard them constantly even during the time of our 
stay. We never succeeded in hearing them, or in 
distinguishing them from thunder, which we heard 
nearly every afternoon. We were also unfortunate 
in being unable to perceive any of the aftershocks 
of the earthquake, though they were felt by others 
end instrumentally recorded at the observatory. 

At the headwaters of the Rio Sucio on the north 
side of Irazu there are bare brown landslide sur¬ 
faces occasioned by the tropical rains and the steep 
■lopes. TTie river has cut a canyon with vertical 
walls a short distance below the summit cone. A 
tributary waterfall cascades over the eastern cliff 
of thb gorge. Just below the north rim of the out- 
aide surface of the mountain, and on the flanks of 
one of the guUeys that lead into the Sucio, there is 
a patch of bare sulphur-colored rock extending 200 


Some days later we took horses from the village 
of San Pedro for the ascent of Poas Volcano. 
Through country lanes we climbed, with the vol¬ 
cano ahead appearing as a mass of densely wooded 
hillocks. We entered the jungle by way of a narrow 
path over muddy hillslopes and muddier tangles of 
enormous roots. We frequently had to dismount 
and whip up the animals ahead of us. This jungle 
was remarkably different from the open groves of 
Irazu. There are here great trees with hanging 
vines, aerial parasitic flowers, some orchids, im¬ 
mense horn flowers and ferns, and all kinds of 
dense, shrubby undergrowth. * 

We came upon a jaguar trap, and the guide told 
us that two of these cats had been caught in it. It 
consisted of a rectangular pen made by driving 
heavy sticks into the ground and roofing them with 
logs. A freshly killed fowl was placed as bait in¬ 
side the pen, and provision was made for a shutter 
to fall and close the opening when the bait was 
touched. 

Twice during the ascent we came to open mead¬ 
ows surrounded by elevated land which are pos¬ 
sibly old craters. We passed wild cattle. Finally we 
dismounted and entered upon the last stage of the 
journey on foot. The jungle thinned somewhat to 
a scrubby growth probably determined by ashfall 
from the volcano. Poas is much lower than Irazu, 
its elevation approximately 8,000 feet. Bushes be¬ 
came open with a gravelly soil between them, and 
then we came out on the edge of the greater crater 
at first obscured by clouds. We could smell sul¬ 
phurous acid. 

After a visit to a higher cold lagoon which fills 
a subsidiary crater, we returned to the edge of the 
greater crater and found it free from cloud. It ptoved 
to be a big cauldron containing whitish water in 
constant ebullition, and bordered by bare, low banks 
of clay and bowlders radially trenched by hundreds 
of rain rills. The upper lip appeared to be half a 
mile in diameter; the depth from the rim to the 
water surface was perhaps 800 feet, and the dis¬ 
tance across the pool 1,500 feet. On the north side 
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of the crater a hill appeared, somewhat higher than 
the one we were on. 

Toward the west from the water-filled basin there 
is an irregular tract of “bad lands” drained west¬ 
ward by a gulch which shows a bedded section of 
agglomerates and tuffs towards its head. This gulch 
does not drain the boiling pool at the present level 
of the water, though it would do so if that level 
were raised a very few feet. There was evidently 
much relatively new sand and dust and gravel from 
the eruption of January 25, 1910. 

The water in the muddy pool was bubbling up 
chiefly at one spot near the eastern side of the pool. 
It rose in a small dome of ebullition from time to 
time. There were sheets and tails of vapor rising 
from all over the surface of the water and the color 
was a pearly gray. The water appeared to be hot 
but not boiling hot, and the ebullition appeared to 
be the escape of vapors from a vent below. 

The eruptions of Poas are described by Pittier 
as geyser eruptions, and the column of steam and 
water, when a big jet occurs, is said to reach 
heights of thousands of feet, and to constitute the 
greatest geyser in the world. It is doubtful whether 
such eruptions may be described as a true geyser, 
for this volcano throws out bombs, ash, and mud, 
and the gases which rush upward through the 
water are highly sulphurous, and probably are not 
steam in the sense of being occasioned by the boil¬ 
ing of this same water column. It appears to be 
merely a case of a volcanic effervescence of magma 
making its way through a crater lake. 

In the bigger eruptions the lake is probably dis¬ 
charged completely. Such was the eruption of Jan¬ 
uary 25 1910 when stones fell on the edge of the 
crater, and the finer dust fell at San Jose, 20 miles 
to the southeast. Pittier states that the water of the 
lake “tastes like strong vinegar.” 

There was good evidence of the recent eruption 
on the rim of the crater. Lumps of gray ash, clotted 
by rains into the appearance of portland cement, 
were to be seen under the bushes where they had 
gathered in the breinches and fallen off to the ground 
beneath. There were pumiceous bombs, large blocks 
of rock, which had fallen from great heights into 
the soft earth of the hillside. They had punched 
holes in the ground and buried themselves. We dug 
up several of these, in size from a few inches to 
two feet in diameter; one was found buried 38 
inches below the surface of the ground. There were 
many stones coated with sulphur. 

The eruption in question was described as fol¬ 


lows: “At 5 p.m. January 25 a smoke-like column 
rose from Poas to prodigious height, estimated at 
no less than 13,000 feet. After reaching its higher 
point, the column spread into a mushroom-shaped 
grayish cloud which, carried by the trade winds, 
soon covered like an immense screen the whole 
valley of San Jose. 

“An hour after the first indication of eruption a 
rain of ash began to fall, increasing in coarseness 
as well as in quantity as the eruption proceeded. 

“Near the crater volcanic mud was mixed with 
stones and the latter broke thick limbs and roots 
of trees and penetrated deep into the ground. When 
visited after the eruption, the boiling of the crater 
lake had ceased. 

“The eruption was followed on April 13 by a 
serious earthquake over all the central plateau of 
Costa Rica, just after midnight. Everyone ran into 
the streets. There were numerous shocks the next 
day, and several public buildings were badly 
wrecked. Ground was rent and fissured in the 
neighborhood of Cartage. On May 4, at 6:50 p.m., 
came the terrific jolt from the east which wrecked 
the city of Cartago, just at the foot of Irazu Vol¬ 
cano. This was one of the most intense earthquakes 
of modem times.” 

Eruptions and Earthquakes of Salvador 

Senor Jorge Larde wrote an account of the vol¬ 
cano Izalco, and an observatory with seismograph 
has been established. Izalco in Salvador is almost 
continuously active, the Republic is a stable well- 
governed little country, and with seismic and vol¬ 
canic events numerous throughout the land, Salva¬ 
dor is an ideal laboratory of volcanologic science 
for any benefactor or institution wishing a place 
wherein to establish continuous work. The writer 
visited Salvador in 1910 and found it most hos¬ 
pitable and attractive. 

Izalco is representative of ten active volcanoes 
in Salvador and of a r^ion producing destructive 
earthquakes. It is a cordilleran region of the same 
Pacific coastal zone with Seattle, San Francisco and 
Los Angeles, but with its volcanic gases more in 
evidence. 

Izalco is much misconstrued in the stories about 
it. In an article published in 1923 appears the 
statement that in 150 years Mount Izalco “has risen 
from the surface of a level plain that was devoted 
to stock farming, to a majestic height of more than 
6,000 feet above sea level.” In the same article ap¬ 
pear two photographs of Boqueron activity in 1917* 
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purporting to be Izalco. In 1917 Izalco was quiet. 
As to the stock farm story, Izalco as it is today was 
built up by lava flows and cinder on the southern 
slope of Santa Ana volcano, making a total accumu¬ 
lation of about a thousand feet. The writer quoted 
above failed to state that the growth started on a 
lava spur of the older mountain already 5,000 f^t 
above the sea. 

The year of first outbreak of the flank cone des¬ 
tined to become Izalco is commonly quoted as 1770, 
but Larde corrects this. In 1524 there was a solfa- 
tara there giving vent to a rill of boiling water. In 
1576 this had disappeared. In 1636 there was a 
craterlet in action at the same place throwing up 
smoke and incandescent substances, but not yet an 
independent cone. Therefore as a matter of fact 
Izalco was born about the beginning of the 17th 
century. 

The eruptions from 1636 on produced a confused 
mass of lavas and there was a culminating eruption 
in 1722. There was no very definite hill in 1753. 
Big eruptions in 1770 inaugurated more continuous 
activity and still more so in 1798, so that a true 
cone grew up that was worthy of a name distinct 
from Santa Ana, the mother volcano. By the end 
of the 18th century Izalco was in full blast as an 
independent lava factory. 

We learn that the major activity of the 19th cen¬ 
tury began with eruptions in 1802, 1805, 1806, 1807 


and 1825. In the last a river course was changed. 
There were bad earthquakes in 1830, 1831, 1860, 
1861 and 1863. In 1840 there were three crater 
orifices, one of them quiet, one making dark blue 
flame, and an active one throwing up stones and 
black clouds. In 1854 there were explosions every 
five minutes and lava flows in motion. From 1856 
to 1859 there was much extrusion and in 1859 
there were earthquakes and an ash eruption. 
Churches and towns were damaged. From 1860 to 
1865 there was repeated activity. Other eruptive 
times were 1867, 1868, 1869, 1870. 1873, 1874, 
1875, 1880, 1882, 1883, 1885, 1887, 1889, 1890 
(lava), 1891, 1894 (continual eruptions), 1895-97; 
at this time it was compared to Stromboli as the 
“Central American lighthouse.” May, June and July 
of 1898 Izalco continued its extrusions, and an im¬ 
portant eruption occurred in 1899-1900. 

Inactivity lasted from March 1900 to May 1902. 
Then came an outbreak, followed by lava flow in 
September. A crack opened from top to bottom of 
the cone. This was the year of Santa Maria in Gua¬ 
temala and Pelee in Martinique. In 1904-05 there 
was activity. In 1907 this abated. New activity 
started 1912 and continued, there was a disastrous 
earthquake in 1915, and Izalco quieted again Jan¬ 
uary 26, 1916. From October 1920 to April 1921 
there were new explosions, lava flows and hydro¬ 
chloric acid gas. In 1922 there was only fume. 



CHAPTER XXI 

Fireworks Tapering Off from Martinique to Cape Horn 


There are some parts of the world of volcanology 
that yield very little published information and one 
of them is Chile. Dr. Karl Sapper of Wurzburg 
mentions 14 eruptions in 13 years between 1901 
and 1913. The very names of these volcanoes are 
unknown to most of us. Huallatri and Isluga at 
the north vented light smoke and black smoke and 
fire in 1913, and these about 19 degrees S. lat. 
are as far south of the equator as Hawaii is north. 
Next come San Pedro and Antofalla which vomited 
smoke in 1901 and 1911. Moving south to 35® 
we find Cerro Azul and Descabezado making ex¬ 
plosive eruptions in 1907 and 1913, the former 
a peak 10,500 feet high. Chilian in lat. 36° 
opened a new crater in 1906, and Llaima appears 
to be a formidable volcano that kept up action for 
five years from 1903 to 1908 with both explosions 
and lava. Maipo was active in 1905. 

The Chilean district of about 40° S. near the 
port of Valdivia appears to be a lively volcanic 
neighborhood where Villarica was erupting and 
throwing stones from 1906 to 1908. In the same 
region Rininahue in April of 1907 built up a 
cone of lapilli and ash, and the dust fell at Val¬ 
divia. Calbuco and Huequi are a little farther 
south and were making explosive steam clouds and 
smoke clouds in 1906-07. 

AH this shows that while there was no activity 
reported between 1895 and 1900, there were two 
eruptions in 1901, one in 1903, one in 1905, five 
in 1906 when Valparaiso and San Francisco had 
their earthquakes, four in 1907 when Jamaica had 


its earthquake, two in 1908 when Messina was de¬ 
stroyed, one in 1911 and two in 1913. 

This 1906-07 time produced the most volcanic 
eruptions in nineteen years both for the whole 
world and for the Pacific half of the earth. Out 
of 414 eruptions between 1895 and 1913 there 
were 25 in 1906 and 31 in 1907. There were 


eruptions on Mauna Loa, at Bogoslof in the Aleu¬ 
tian Islands, at James in the Galapagos, at Vesu¬ 
vius, on Savaii in Samoa, Kartala of the Comoro 
Islands east of Africa (1904), Nyamlagira a lava 
maker in east Africa, Cotopaxi, Sangay, and nu¬ 
merous volcanoes of the Molucca-Philippine-Japan 
series. It is remarkable that this was also a period 
of some of the world’s greatest earthquakes, in¬ 
cluding a big one in India. 

It thus appears that certain years in the world s 
history are seismo-volcanic centers in time, just as 
districts are similar centers in place. About 1883*86 
was another such time center with Java, Japan and 
New Zealand producing titanic eruptions, and m 
America came the Charleston earthquake. 

Dr, Reichert of the University of Buenos 
described as follows an eruption of Calbuco: B 
was in the afternoon of the 5th of January 1929 
when accompanied by a friend I undertook to 
climb the peak Demimbo situated to the south of 
Lake Todos los Santos, a body of water well known 
to those making the trip between Bariloche an 
Puerto Montt. On the map of the Pacific Ocean 
these places may be found just where the longshore 
islands begin on the west side of South America, 
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in the great valley of Chile, about 600 miles south 
of Valparaiso. 

“The prospect for the projected climb was very 
favorable. The sky was completely clear. The sun 
was brilliant and the calm absolute. Only the 
barometer marked an extraordinary and inexplic¬ 
able minimum. In spite of this abnormal low pres¬ 
sure we resolved to begin the trip, and were able 
to climb that afternoon to an altitude of approxi¬ 
mately 1,200 meters, where we stopped and were 
overtaken by night. 

“At about 2 o’clock of the following morning we 
were awakened by a strange noise and, on looking 
toward the horizon, we saw a thick mass of clouds, 
which was approaching rapidly from the west. The 
rarefaction of the atmosphere was clearly mani¬ 
fested. We supposed that a storm was approach¬ 
ing, a phenomenon often occurring in these regions. 
The stars still shone. Believing that it was a tem¬ 
porary atmospheric disturbance, we decided to wait 
until the clouds should discharge themselves, and 
then continue the interrupted ascent. 

“But this plan was rudely changed at 5 a.m. 
when we saw that the clouds were taking forms ever 
more curious and strange, and were approaching 
our position like phantasms, threatening to envelop 
the whole neighborhood and the summit of the 
peak we were trying to scale. At the same time 
there was heard a distant detonation different from 
the report of thunder, and the sky darkened thickly. 
We thought it would rain, but it did not do so. 
We decided then to abandon our plan and to return 
to the shore of the lake, where we had left a boat 
tied. This we did. 

“After setting out downhill and about 7 a.m., we 
found ourselves faced by a strange condition. At 
first we had the sensation that it was raining, but 
very quickly found we were mistaken. We looked 
up and verified the fact that it was a volcanic 
eruption, which in my judgment proceeded from 
the mountain Calbuco, situated some fifteen or 
twenty kilometers distant from the spot, and the 
only volcano at that time characterized by periodic 
activity in this region. 

“Little by little the sky was darkening more. 
The south cove of Lake Todos los Santos was 
wrapped in an impenetrable blackness. Only in 
the north there were seen patches of faint light 
which quickly disappeared. At 9 a.m. we reached 
our moored boat. Meanwhile volcanic ash fell 
intermittently. We embarked at once bound for 
the south comer of the lake to seek refuge. We 


rowed ten minutes and found ourselves in the dark, 
as in the middle of a starless night. Something 
marvelous! In the north, too, were extinguished 
the little lights gleaming until then in the bosom 
of the cloud masses. Under such conditions like 
blind men we kept on rowing anxious to gain the 
shore. 

**Ordinarily this could be done in 20 minutes, 
but now we rowed madly for two hours and a half. 
We seemed to navigate in a vacuum. The rain of 
ash bathed our bodies and faces and hindered our 
looking upward. The situation became compli¬ 
cated a little later by another phenomenon no less 
strange. We were wrapped in the ‘fire of Saint 
Elmo’ produced by the high electric tension. From 
our clothes and flesh we gave off sparks, and our 
heads seemed to be surrounded with aureoles. 
Suddenly the lightning flashed, followed immedi¬ 
ately by thunder. The light of the celestial dis¬ 
charge, however, was not bright enough to tear 
the curtain of ash and nocturnal darkness which 
covered everything. Simultaneously the discharges 
from our bodies stopped and we found ourselves 
again in a chaos. 
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“Without warning we reached the shore. To 
orient ourselves we lit matches and debarked not 
without diflBculty. We were absolutely ignorant 
of the point where we had arrived. At last at 
11:30 a.m. the sky began to clear and we dis¬ 
tinguished smokily some outlines of the vicinity. 
To our surprise we found that we were scarcely 
100 meters from the place where we had set out. 

“The spectacle which presented itself to our gaze 
was breath-taking. All the landscape, usually so 
magnificent, was covered by the gray colors of 
mourning. The fresh green forest had disappeared 
under cloaks of volcanic ash. The panorama was 
like a desert. The summits of the mountains 
Osorno, Puntiagudo, and Tronador, so majestic, 
had aUo received the rain of ash from the volcano. 
The snowy whiteness of their snow-clad peaks was 
now blackened. Carried by the blast from Cal- 
buco the ash had traveled to the end of the state 
railways of Argentina, covering all the region of 
Lakes Gutierrez and Mascardi of the Argentine 
Southern National Park, an area consequently of 
thousands of square kilometers. 

“Our expedition had aspects, therefore, that 
were unexpectedly dramatic, but it served for scien¬ 
tific observations. We analyzed the ash which had 
encircled us for so many hours, to see if it con¬ 
tained fertilizing substances. From this study we 
can say that it has a specific gravity of 2.66, and 
that the average thickness of the blanket was 1.5 
centimeters. Thus every square meter of surface 
received about 40 kilograms of ash, contributing 
lime and phosphoric acid in appreciable quantities. 
For the 40 kilograms of crude ash will eventually 
add to every square meter of ground 740 grams of 
lime and 84 grams of phosphoric acid in the form 
of easily assimilable compounds.’* 

No rain fell at Calbuco for two weeks after this 
eruption, confirming Finch’s conclusion that steam 
from volcanoes is not the cause of accompanying 
showers, which depend rather on atmospheric 
humidity. 

Dr. John B. Stone studied the volcanoes on die 
west side of the central valley of Chile during the 
winter months of 1929-30 as Research Fellow of 
the Hawaiian Volcano Research Association. He 
secured photographs and specimens, translated 
such Chilean work as Dr. Reichert’s article and 
as he had written a doctor’s thesis on the products 
and structure of Kilauea in 1925, he was fitted to 
investigate in Chile the suitability of the country 
for volcano observatory work. 


Stone decided that Llaima and Calbuco are vol¬ 
canoes adapted for scientific work. Llaima has 
more eruptions than Calbuco and these are com¬ 
monly accompanied by lava fountains and flows, 
whereas Calbuco is explosive but much more acces¬ 
sible. Llaima is 10,000 feet high with snow in 
winter below timber line, and even in summer the 
* climb requires ice-picks and ropes. Calbuco is 
6,600 feet high, easily climbed from Ensenada on 
Lake Llanquihue. There are hot springs low down 
on Calbuco and two quiet volcanoes near at hand. 

Stone lists thirty-five volcanoes between the lati¬ 
tudes 30° and 45“ in Chile with heights varying 
from 3,400 feet to 19,000 feet. The lower ones are 
at the south and the higher, mostly inactive, in 
the Andes back of Valparaiso at the north. The 
active intermediate volcanoes are in a beautiful 
farming country of a lake region partly reserved 
as a National Park, There are many German 
farmers. 

A short time before the first of December 1927 
there were earthquakes along the coast of Chile, 
and at the same time several volcanoes of the south¬ 
ern Andes were active. 

The volcano Llaima began eruption violently 
about November 29, 1927. Enormous flashes and 
a great quantity of smoke, lava, and cinders came 
out of the crater. Llaima is some 65 kilometers 
from Temuco and has two craters. The volcano 
had a violent eruption in 1864, and flashes of fire 
have frequently been seen in its craters. 

Stone wrote, “I went south from Valparaiso by 
sea, and or arriving in Puerto Montt on January 6 
1929, found that the volcano Calbuco was in erup¬ 
tion. The air was full of light ash, but only steam 
was issuing from the volcano at noon of that day. 

I went in an automobile to Puerto Varas, but was 
unable to get closer to the volcano than six or 
eight miles. According to the people there the 
eruption began about 1 a.m. January 6 1929, and 
the outbreak was accompanied by a slight earth¬ 
quake. The volcano then threw out ash until about 
6 a.m., and there was another smaller earthquake 
about 4 a.m. For the rest of the day there was a 
fine steam plume from the peak, and once or twice 
I thought I saw small, dark puffs that could have 
been ash. Faint steam or smoke was rising over 
a large area of the woods at the foot of the volcano. 

I thought it might be caused by the fall of hot ash. 

On January 7 1929 I saw the volcano from a dif¬ 
ferent angle, and there appeared to be two steam 
jets. 


Martinique to Cape Horn 


139 


would be possible for an observer with head¬ 
quarters at Puerto Varas, or possibly at Osorno 
town, to keep half a dozen volcanoes under fairly 
close observation. The eruption that I saw is prob¬ 
ably typical, consisting of a short ash ejection, 
possibly accompanied by lava flows. The country 
is far more accessible than Alaska, and except for 
the heavy winter rains is a most agreeable place to 
live in. Puerto Varas, I judge, is only about 200 
feet above sea level, and December-January is the 
best season for work. 

“At the Braden Copper Mine at Sewell, I found 
that the Talca earthquake of about December 1928 
bad lasted one minute and a half and had destroyed 
the tailings dam at the mill, thereby causing a rush 
of mud that killed 43 people. A new Chilean law 
has established a Department of Public Works, 
which has as one of its chief duties the supervision 
of buildings to make them more nearly earth¬ 
quake-proof.” 

Dr, Stone during the winter 1929-30 completed 
on February 12 1930 at Valparaiso an explora¬ 
tion occupying three months and six days. Starting 
from the scene of the recent disastrous earthquake 
at the city of Talca, Dr. Stone passed by the active 
volcano Quizapu near Cerro Azul, and then visited 
in turn the volcanoes Chilian, Antuco, Llaima, Vil- 
larica, Osomo, and Calbuco, climbing several of 
these. He observed from a little distance the 
volcanoes Trolguaca, Lonquimai, Quetrupillan, 
Shoshuenco, and Puyehue. All of these are poten¬ 
tially active and all lie between the latitudes 35® 

and 42* S. 

As seen from the southwest Llaima is an elon¬ 
gated cone with one principal summit and another 
slightly smaller and lower one off to the southeast. 
In December, 1929, the mountain was still covered 
far down its slopes by the snows of the preceding 
southern winter, and both the summit craters were 
emitting streamers of dense white fume. 

The journey to Llaima is best begun from the 
provincial capital Temuco. A branch off the main 
north-and-south railroad extends for nearly 35 
miles across partly cleared and cultivated lands and 
past several large, prosperous farms to the little 
village of Cherquenco; Beyond Cherquenco the 
forest is less broken by farms but is dotted with 
little sawmills producing rough lumber, which is 
hauled to the railroad on clumsy two-wheeled ox¬ 
carts. One of the sources of good lumber is the 
sharply defined belt of Araucanian pines that 
girdles the upper slopes of the volcano. The Arau¬ 


canian pine or “monkey-puzzle” tree is similar to 
its close relative the Norfolk Island pine, familiar 
in the Hawaiian Islands. A sawmill high up in the 
pine forest on the northwest slope of Llaima was 
a convenient base of operations during the bad 
weather that prevailed at the time of his visit. 

The double cone of Llaima stands on a broad 
base or platform built by earlier volcanic activity. 
Part of this platform and of the cone abo are 
covered by basaltic aa flows, but the northwest 
summit cone and the southern slope of the moun¬ 
tain are largely concealed from observation by 
glaciers. Shiny black scoriae are common on the 
surface, and a layer two or three inches thick 
covers the glacial ice on the south side. Llaima 
was active from October 5 to 8 and again from 
November 27 to December 5, 1927, and at that 
time a “river of fire” is said to have been seen on 
the south slope. No recent flow could be dis¬ 
tinguished beneath the winter snow, but a line of 
cones was seen far around to the southeast. These 
cones may mark the source of a flow as well as the 
site of the fountains which produced the fresh 
scoriae. Another possibility is that the scoriae 
were produced by fountaining in the summit craters 
and ihat the “river of fire” consisted only of the 
freshly fallen and still glowing cinders. 

Calbuco is the farthest south of the volcanoes 
in the continuous mainland part of Chile, although 
others are known in the region of fiords and 
glaciers extending from Puerto Montt to the Straits 
of Magellan. Calbuco was observed in activity by 
Darwin in 1835, but had long been inactive before 
1893 and had accumulated a thick cap of ice and 
snow. In the latter year the volcano returned to 
life. The heat of the eruption melted the ice and 
snow and caused floods that swept down the moun¬ 
tain leaving paths which can still be seen. Fortu¬ 
nately the country affected is very sparsely settled 
even now so that little damage was done, but the 
occurrence illustrates the most serious danger in 
this land of intermittent volcanic activity and heavy 
snowfall. An even greater flood occurred at 

Villarica volcano in 1910. 

Another eruption of Calbuco was on January 6, 
1929, and lasted only a few hours. This was 
Dr. Reichert’s eruption. Dull underground noises 
in the night of January 5 had warned the few 
people living on the north side of the volcano and 
they had fled from their little farms taking with 
them what livestock they could collect. At about 
2 a.m. on the 6th a great flash shot from the top 
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of the mountain and was followed by an enormous 
cloud of ash accompanied by much lightning. The 
ash eruption continued until the early hours of 
daylight. Only coarse sand reached the highest 
house on the mountain, but before the west wind 
the fine ash drifted far off to the east so that a 
layer a few millimeters thick was formed at Peulla 
35 miles away, and light dust reached the end of 
the State Railway in Argentina more than 100 miles 
away. A terrific blast blew down the valleys on 
the north slope killing and leveling the brush and 
small trees growing there. Floods from the melted 
snow and ice rushed down the stream channels 
killing the trees along their margins and dumping 
volcanic sand on a few cultivated fields near the 
lake. For two weeks after the eruption no rain 
fell to wash the covering of ash from the grass 
and leaves so that cattle had to pick a meager 
nourishment from the tips of the highest bimch 
grass which had shed some of the dust. 

On January 19 1930 Dr. Stone and a Chilean 
helper made the first ascent to the crater of Cal* 
buco since the eruption of the previous year. The 
route from Ensenada on Lake Llanquihue leads up 
a valley swept by the floods of 1893 and 1929. 
Exposures in the steep walls of the stream channel 
show a history of past explosive eruptions. Lava 
flows reaching the lower slopes are rare and none 
is seen on the surface but everywhere there is a 
deep cover of broken rock and sand like that 
thrown out by Kilauea in 1924. The new crater 
of Calbuco is a straight-sided hole perhaps 500 feet 
across. The rim, especially around the northeast 
edge is deeply covered by gravel and ejected blocks. 
Thick white fume escapes in several places from 
the talus slope inside the pit. The crater plainly 
owes its present shape in part to collapse after the 
explosions. 

The southern Chilean volcanoes combine ex¬ 
plosive eruptions with lava flows, the lavas being 
basalts containing small amounts of olivine, but 
on Calbuco the dominant dark mineral is hypers* 
thene. The Chilean volcanoes are decadent with 
mostly stiff aa flows, scoriae and bombs of con¬ 
temporaneous olivine-basalt lava containing labra- 
dorite feldspar. There is some evidence that the 
ancient eruptions seen in geological sections had 
more lava and less explosion. It may be that the 
magma reservoirs contain lava partially crystallized 
so that when it exudes it is not glassy enough to 
make pahoehoe flows. 

Earthquakes are feeble and local near the active 


volcanoes, much bigger and destructive in the north¬ 
ern region where the volcanic activity ceases. The 
ancient eruptions appear to have produced de¬ 
posits of greater extent and thickness than the 
modern ones and of greater intensity and frequency. 
Modem eruptions are short and mild. The craters 
of Antuco, Villarica, Osorao, and Calbuco have 
rims of spattered slaggy lava and much pumice 
was erupted by Quizapu in 1932. An intrusive 
rock found in the older igneous complex under 
Calbuco and Osomo contains 30 percent of quartz 
and is a granodiorite. 

Not much is known about the Tertiary history of 
the ground under these volcanoes and most of the 
ancient rocks are lavas and ash. There are solfa- 
taras and hot springs and sulphurous gases. Near 
Chilian volcano there are boUing waters charged 
with iron and sulphur, and furiously boiling fuma- 
roles issuing from yellow-stained lavas containing 
pyrite. 

The basement geology of Antuco shows granitic 
and metamorphic rocks overlaid by a great pile of 
interbedded lava flows and explosive deposits cut 
by a few dikes. The hills are deeply eroded and 
glaciated, and glaciation is characteristic of most 
of the volcanoes. 

The cone of Antuco is largely covered by aa 
flows originating near the summit crater which is 
itself occupied by rough aa lava seen to have over¬ 
flowed through a break in the east rim. A rift 
cone of horseshoe shape low down on the west 
slope of the mountain is the source of the freshest 
flow. The lake of la Laja was formed by a volcanic 
dam and arms of the lake are valleys drowned 
under water dammed when Antuco volcano grew 
up athwart the course of an ancient river. 

Darwin in 1834 speaks of the perfect symmetry 
of the cone Osomo, white with snow and spouting 
out volumes of smoke. This culminated in an 
eruption January 19, 1835. No eruption has been 
known since 1850 and a mass of ice fills the crater 
which is about 800 feet in diameter. 

Villarica erupted lava in 1640, in 1876 its glow 
could be seen far away, and in 1910 a great spout 
of fire disrupted a glacier on the east side of the 
mountain and caused a flooding avalanche of snow, 
ice and rocks that reached Lake Villarica at Pucon- 

Between 1915 and 1918, there was glow followed 
by vapor that disappeared by 1920. There was 
a very deep open crater with walls like masonry 
and only 150 feet of the depth could be seen on 
account of the smoke. 
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December 9 1920 a severe Viliarica earthquake 
damaged houses in three sharp shocks followed by 
little quakes every five minutes and a stronger one 
every half hour. This introduced early next morn¬ 
ing an explosive eruption with cannonading that 
rattled the windows and lasted a day and a half. 

A great fountain of fire was seen and snow near the 
summit was blackened. This was the summer of 
the southern hemisphere. The next year the crater 
was found filled with broken rock, gas was issuing 
from a small crater which could not be approached 
and in 1929 the smell of sulphur dioxide was dis¬ 
agreeable. There is much slaggy basalt, and the 
surface between timber line and snow line is 
covered by aa flows with a few rough pahoehoe 
flows. 

Steam Blasts of the Coribbee Islands 

It may seem out of place to end this book of 
Pacific Ocean volcanoes by including a note on 
the terrible disasters of 1902 at the Atlantic end 
of the Caribbean Sea. Arnold Hague, the geologist 
of the Yellowstone, used to say that the volcanic 
lavas and breccias of Mount Pelee are like those 
of the Rocky Mountains. If the Cordilleran vol¬ 
canoes are Pacific in quality, certainly the Carib¬ 
bean ones are. Lassen and Santa Maria and Pelee 
are sisters. If we can imagine the Fire Goddesses 
holding a political convention for twentieth century 
elections in 1902, it was Soufriere of St. Vincent, 
seconded the next day by Pelee, who made the 
keynote speech to excite the scientists of mankind 
for a century to come. 

Pelee at the north end of Martinique made a 
violent steamblast down on St. Pierre about 8 a.m. 
May 8, 1902. Soufriere of St. Vincent 150 miles 
south had erupted the day before, and Pelee itself 
for two weeks had been exploding and throwing 
out its crater lake. St. Pierre was totally destroyed 
and eruptions continued at intervals culminating 
August 30, 1902. Then for two years a lava plug 
rose in a dome and central pencil over the crater. 
The writer was sent to Martinique in the relief 
warship and spent two months in the Martinique- 

St, Vincent field. (Figure 29). 

The problem for physicists was why the blast 
rushed down instead of up, why it seemed to be 
pure steam loaded with powdered rock, and what 
its relation was to the rising lava plug. About 
26,000 people were killed at St. Pierre May 8th, 
about 2000 in August, and several hundred had 
been killed May 7th in SL Vincent, The disaster 


recalled Pompeii and had no parallel whatever in 
the story of ordinary volcanoes. Detail is devel¬ 
oped in the quotations that follow later. 

Accounts of sufferers have been assembled to 
show that at such volcanoes as Mount Pelee the 
mountain split open suddenly from summit to base, 
the out-gush was aqueous mud and scalding steam, 
the split valley-bottom was an old solfatara on a 
cross-mountain rift, the splitting was progressive 
downward, and the upjets along the split were mis¬ 
interpreted by geologists as being downflows of 
heavy gaseous emulsions proceeding gravitatively. 

New Approach to on Old Subject 

That the splitting was progressive is proved by 
speeds of a mile a minute on a flat grade. That 
mud came up is proved by 50-ton bowlders trans¬ 
ported. That the act of splitting would not be 
obvious is clear, when we realize that the rock 
crack is covered by deep loose valley fills. These 
with obstruction by the central fan of magma in the 
rift, deflect steam jets from vertical at crater to 
horizontal at lower valleys, by tumbling of debris 
into opening rift, and by weight closing central 
mountain. The rift itself has old inclined openings, 
lifted open under exceptional stresses. The pure 
steam character of Plinian or paroxysmal eruption 
is due to ground-water. The initiation of such 
paroxysm is engulfment-lowering of magma, after 
unperceived intrusion-lifting of years, and the fail¬ 
ure to forecast is due to nothing more than the 
absence of observatory measurement. 

These are the synthetic results of a new approach 
to a study of such explosive eruptions as Katmai, 
Pelee, and Tomhoro. The approach is new in 
accenting the credibUity of many wounded persons, 
applying rift doctrine, and in recognizing that pure 
steam is phreatic from a boiler-mechanism of 
ground-water, always existent and renewed by the 
Herzberg law under volcanic lands close to large 

waterbodies. , , 

Detailed observation in Hawaii in 1924 showed 

at Kilauea a typical explosive steam eruption, with 
a lava-draining submarine radial crack, non-vol- 
canic ground-water steam, and engulfment-lowering 
of crateral lava that progressed along a rift. The 
lava gases had been noxious, sulphurous and car¬ 
bonaceous: the explosive vapor was pure steain. 
The Kilauea investigation made the new approach 
feasible, and proved steam-blast eruption every- 
where to be uniform, and to be totally distinct from 
magmatic effervescence. 
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To introduce the subject of steam-blast eruption 
from the human standpoint, let us look at human 
experience. 

Eilcruea Volcano 

On May 18, 1924, a young man of Pahala Plan¬ 
tation approached the northeast rim of Halemau- 
mau to take photographs, after being warned by 
the volcano observatory official that explosion was 
imminent. A terrific explosion took place, a dense 
cloud of dust rose vertically out of Halemaumau 
pit bringing with it thousands of red-hot blocks 
of lava and tons of smaller debris and dust. These 
stones were showering down in the vicinity of Mr. 
Truman Taylor who had reached a place southeast 
of Halemaumau about 1800 feet from the old rim. 
The storm of fragments knocked him down and 
an 80-poimd bowlder crushed both of his legs. 

The search party found Taylor lying in a pitiful 
condition covered with sand and mud, with bums 
on his neck, face down about 50 feet from where 
he had been blasted by the barrage of rocks. He 
had crawled this distance but the terrible mutilation 
of legs and feet prevented him from getting away 
and he left one foot under the fallen bowlder. He 
was perfectly cool, had been shouting at intervals 
for help. The rescuers applied tourniquets and 
took him to the Volcano House. The nurse reported 
air hunger from hemorrhage, peeling scalded flesh 
under unburnt clothing, and detachment of the 
second foot. Later they amputated one leg at the 
Hilo hospital but he died before the second ampu¬ 
tation could be made. Death was from shock, 
hemorrhage and bums. 

Mount Pelee Volcano^ Martinique 

May 8, 1902, the Captain of the steamship 

“Roddam,” tied up off the St. Pierre water front, 
reported: 

“Violent detonation suddenly shook earth and sea. 
The mountain appeared to split open from summit 
to base to give passage to a flashing flame which 
shot up into the air, and a gush of black cloud. 
The latter rushed down unfolding itself along the 
slope of the mountain, advanced like a whirlwind 
overcame all obstacles, and when it reached the 
base it spread out like a fan toward the city 
which it plunged in darkness; in a minute and a 
half it traversed the distance from volcano to city. 
When it reached the sea small boats were over¬ 
turned, the steamer ‘Roraima’ was thrown on its 
side, the *Roddam’ was half submerged and the 


‘Grappler,’ 1000 feet from shore close to the 
volcano, simply sank with all on board. The dark¬ 
ness was extremely dense, even hiding the burn¬ 
ing city.” 

An intelligent colored Barbados nurse of a white 
girl passenger on the “Roraima” reported to me 
personally as follows; 

We had been watching the volcano sending up 
smoke. The Captain (who was about to be killed) 
said to my mistress, ‘I am not going to stay longer 
than I can help.’ I went into the cabin and was 
assisting with dressing the children for breakfast 
when the steward (who was afterwards killed) 
rushed past and shouted, ‘Close the cabin door, 
the volcano is coming!’ We closed the door and 
at the same moment came a terrible explosion which 
nearly burst the eardrums. The vessel was lifted 
high into the air, and then seemed to be sinking 
down, down. We were all thrown off our feet by 
the shock and huddled crouching in one comer of 
the cabin. My mistress had the girl baby in her 
arms, the older girl leaned on my left arm, while 
I held little Eric in my right. 

The explosion seems to have blown in the sky¬ 
light over our heads, and before we could raise 
ourselves hot moist ashes began to pour in on us; 
they came in boiling spattering splashes like moist 
marl without any pieces of rock. In vain we tried 
to shield ourselves. The cabin was pitch dark—we 
could see nothing, know nothing, think of nothing; 
and this fearful thing poured down upon us, the 
terrible pain alone convincing us it was not some 
dreadful nightmare. My memory refuses to recall 
and relive such suffering. 

A sense of suffocation came next when the door 
burst open, air rushed in and we revived somewhat. 
When we could see each others’ faces, they were all 
covered with black lava, the baby was dying, Rit^ 
the older girl was in great agony and every part of 
my body was paining me. A heap of hot mud had 
collected near us and as Rita put her hand down to 
raise herself up it was plunged up to the elbow in 
the scalding hot stuff, this adding to the excruciat¬ 
ing torture she was already suffering. 

The first engineer now came along and hearing 
our moans came in and carried us to the forward 
deck and there we remained on the burning ship 
from 8:30 a.m. until 3 p.m. The crew was crowded 
forward, many in a dying condition. The whole 
city was one mass of roaring flames and the saloon 
aft as well as the forward part of our ship were 
burning fiercely; but they afterwards put out the 
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“My mistress lay on the deck in a collapsed state; 
the little boy was already dead and the baby dying. 
The lady was collected and resigned, handed me 
some money, told me to take Rita to her aunt and 
sucked a piece of ice before she died.” 

The paroxysmal steam blasts of 1924 at Kilauea 
showed how engulfment of the pit walls in the 
depths determined a series of geyser eruptions of 
pure water vapor, when submarine outflow drained 
away the lava and the lava furnace had been low¬ 
ered below the artesian level; the pit clogged itself 
by collapse, and a boiling rhythm of ejections was 
set up. As this was pure ground-water steam and 
chemically distinct from the slag-gases of lava 
foimtaining, something new came into present-day 
volcanologic experience. 

In the case of Martinique the glow clouds came 
at the end of major geyser explosions of ground- 
water, and introduced gradually lava fountains 
mixed with water. The paroxysm of St. Pierre 
showed clear sky over the crater, while a progress 
of puffs marched down the rift valley at enormous 
speed with deafening crackling noise. Opening of 
a rift progressively is regular habit of Hawaiian 
volcanoes and lava flow buries the rift: just so a 
deluge of incandescent gravel followed by a mud 
torrent buried the Pelee rift valley floor so that 
no one saw the rift open, and only years afterward 
was the rift found as an obscure superheated sol- 
fatara yielding deep fundamental gases. The glow- 
clouds of lava-dome period are different from steam 
explosion clouds of paroxysmal period, but pro¬ 
gressive rift opening is identical. 


After the eruptions in 1902 of Mount Pelee on 
May 3, 5, 8 and 20 showing increasing intervals 
I published a warning at Fort de France, afterwards 
taken up by the American Associated Press, that 
the sequence suggested a geyser with enlarging 
subterranean water chamber, and I compared the 
eruption of Krakatoa that in 1883 began on May 20 
and culminated in the terrific disaster of August 26. 
There seemed in Martinique to be an accumulation 
of steam in the depths that demanded periodic 
explosion, ejecting debris of the water-chamber 
walls. After the eruptions of June 6 and July 9, 
1902, in Martinique, that further confirmed the in¬ 
crease of intervals, we American geologists made 
the warning emphatic, but nothing was done. After 
the destruction of Morne Rouge August 30 justified 
the warning by the killing of 2000 more people, 
I printed in Science the data for a curve inclusive 
of six points of increasing interval and projected 
it graphically to about December 20, 1902, as a 
date for the next probable paroxysm of Mount 
Pelee. On December 16 a tremendous glow cloud 
roared down the River Blanche and the picture of 
it forms the frontispiece of Dr. Lacroix’s great 
monograph. The eruptions of Soufriere in St. 
Vincent south of Martinique kept pace with Mount 
Pelee in this curve (Figure 28). 

Hciwcxiiaxi Steam Blasts 

The essentials of our lava activity at Kilauea 
and Mauna Loa are a pressing slag, a yielding with 
effervescence, a straight or bent rift that yields, and 
inflammable gases that heat the resulting foam. 



Figure 


2B. Carr. oJ lncr.a.ing Inl.rroU oJ P.I.. .rupUon ol 1902. 
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The end of an eruption is a reassertion of mountain 
pressure against magma shrunken by loss of gas. 
Such an end definitely asserts a time interval fol¬ 
lowed by a new beginning. When we apply this 
pulsating furnace to an immense body of under¬ 
ground water, such as has been exhibited to us in 
the Territory of Hawaii by our geologists, it is 
obvious that if the self-heating magma escapes 
under the sea, with the sea bottom 18,000 feet 
below land level, the emptied space under a red-hot 
crater must become a steam boiler. 

The application to Mount Pelee of these Ha¬ 
waiian questions—rifts, ground-water, intrusion 
furnace and engulfment-lowering of magma—must 
be obvious if steam-blast eruption is to be con¬ 
sidered a geological process. In a more extended 
study I have included the volcanoes Soufriere, 
Tarawera, Sakurajima, Katmai, Taal and Tomboro, 
which all fall into line, when we assemble first-hand 
witnesses like the two or three whom I have ex¬ 
hibited as samples. 

Scientifically magma lowering, rift vent and 
erupted water are all self-concealing at steam-blast 
volcanoes, as though nature adopted camouflage to 
defeat science. Magmatic lowering is a function of 
invisible intrusion rupture and submarine conceal¬ 
ment. A rift vent conceals itself with deep fills. 
Erupted water inaugurates incandescent violence 
which man flees from, seeing only remnant mud if 
he returns, and burial under red-hot ash. 

Volcano Structure 

AH that can be said here on the subject of vol¬ 
cano structure is that all circular craters begin as 
linear rifts, all cones have lateral fractures, in 
Kilauea they are obvious as chains of craters, in 
Pelee they extend along the bottoms of the south- 
western gorges as deep solfataras, clogged with 
large bowlders and exhibiting temperatures of 400® 

C. years after the time of eruption. These lateral 
cracks are so camouflaged that geologists have 
never given them their due. 

Lava lowering is just as much a function of 
volcanic activity, whether deep underground or at 
the surface, as lava rising. A void has to open if 
lava lowers and intrudes into a lateral crack. It 
matters not whether the vacancy fills itself with air, 
water or gas, but wherever an intrusion invades a 
broken mountain a vacancy has to occur before it 
is completely filled with crystallizing lava. Geolo¬ 
gists oppose the possibility of voids, yet they 
approve the existence of intrusions. I care not 


what the time interval; volcanic energy in a volcano 
heaves open spaces in old country rock, and what 
it can do on the surface in the time required for 
an eruptive act, it can also do underground in the 
time required for an intrusive act. Thus the 
precipitating cause at the end of any timed interval 
leading to an explosive eruption is subject to defi¬ 
nite law when science evaluates crustal breathing 
as a process. 

This lowering and engulfment have long been 
known, but singularly disregarded. However, both 
Pelee and Soufriere began with engulfment, and 
Santa Maria engulfed its flank. Vesuvius engulfed 
its summit after a third of a century of up-building, 
Bogoslof built a lava heap and then engulfed it, 
Katmai engulfed its summit in 1912, Kilauea en¬ 
gulfed its inner pit in 1924, Lassen in 1915 began 
with engulfment-rupture of its summit dome, and 
now come Stehn and Williams demonstrating that 
Krakatoa and Crater Lake were both engulfments. 
Such are the essentials of volcano structure if we 
would develop a science, in approaching the contact 
between a lava furnace and the ocean of ground- 
water beneath volcanic islands. 

Hawaiian Ground-water 

It must be realized that ordinarily the cracks 
under Kilauea and Mauna Loa are sealed against 
ground-water by an impervious vitreous solidified 
wall surrounding their conduits. Only engulfment 

breakage below ground-water level can rupture 
these seals. 

All volcanic islands are porous and fractured, 
and contain a rain-water lens floating on sea water. 
Whatever its height of water table, its depth as a 
lens below sea level is forty times as much, de¬ 
pendent on sea-water being one-fortieth heavier 
than fresh water. This is the Herzberg law. 

In a paper on magmatic gases I have committed 
myself to statement from experiment at Kilauea 
that fundamental gases of the lava furnace are 
principally carbon dioxide, hydrogen and the nitro¬ 
gen group, and the superficial contamination yields 
excess of water vapor, chlorine and sulphur from 
concentrates near craters. These gases are in solu¬ 
tion in magma, (Amer. Jour. Sci. May, 1940). 

When enormous blasts suddenly occur of nearly 
pure steam, with no asphyxiation except from pow¬ 
dered rock, and we realize that even if all the fresh 
water of the water table during an explosive period 
were ejected, that the ocean source is illimitable 
in the deep levels, and its pressure is invasive of • 



Figure 29. Cross'section along Pelee rilt to scale showing deflection of boiling ground* 

water and steam by dike intrusion in the plane of the section. 


heaving mosaic of joints in a volcano, it is obvious 
that magma is the furnace, rupture has pulled a 
trigger, and a ground-water boiler has burst. 

Old and New Questions 

There is nothing new about intrusion of slags, 
and effervescence by the sudden rupture of a vol¬ 
cano, and the gas-heating that results from gas 
reactions, when volatiles that had been in solution 
are relieved of pressure and come together in a 
foam. This is the theory of volcanism. 

It is more controversial when we come to steam. 
Geology of volcanoes made St. Pierre an unex¬ 
plained cataclysm with most witnesses dead. Geolo¬ 
gists believed that the blast was magmatic steam, 
that it came from the summit crater, that it was 
identical with migratory and milder ash-clouds 
down a valley studied later, and all of this odorless 
steam, that destroyed people by the sheer bursting 
of a steam boiler, “came from the magma,” 

This doctrine cannot stand up for a moment in 
the light of what we know about Kilauea in 1924. 
When a volcano suddenly changes from furnace to 
boiler, from chimney to laundry, from fuel to 
water, it is not doing the same thing. We have 
to deal scientifically with three new questions; the 
rift rupture, the steam boiler of pure water vapor 
and the timing. These three are features of struc¬ 
ture. There is no excuse for not knowing, by 
measurement and mapping, the lateral cracks in 
Mount Pelee and at St. Vincent, the condition of 


the ground-water table, the initial ruptures of the 
year inaugurating eruption, measured seismically 
or otherwise, and the relation of these to the timing 
by cycles. 

All of these things are what a volcano observa¬ 
tory in Java or Hawaii or Italy is created for, as 
an experiment station. It is true that the old text¬ 
books do speak of phreatic and mixed eruptions, but 
there has been no appreciation of these new fea¬ 
tures of structure that control a definite time 
sequence of events. 

In Mount Pelee the old solfataric rift was the 
ejection center for both paroxysms and the later 
hot clouds, for both steam and magma gas, for 
boiling mud and pumice froth, for migratory split¬ 
ting open of the crack and mud transport of glow¬ 
ing ejecta. The crater basin at Mount Pelee was 
not the unique center. Central eruption is more 
linear and eccentric than has usually been believed 
even in steam-blast eruption. 

Finally, the explanation of down-blast cannot be 
left to the lazy rolling of a heavy gas-cloud down 
a valley. The St. Pierre down-blasts were from an 
inclined rifle-barrel, and the inclination was ac¬ 
quired from inherent rift structure over a bursting 
boiler. The downward trajectory was impelled both 
by progressive crateral obstruction with lava and 
debris, and splitting open of rift down hill to emit 
violent steam from under less violent scalding hot 
mud. (See Figure 29). The bulbous white is dike 
lava in the plane of the rift. 
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The popular conception of volcanic disaster 
means gas vents, explosions, earthquakes, lava, 
wreckage and loss of life. In precisely the same 
fashion the thought of a city house on fire sug¬ 
gests illuminants, combustibles, housing, crowding 
and bad habits; and like the other, resultant wreck¬ 
age and loss of life. 

Insurance companies study these things and 
spend much money compiling statistics of them 
with a view to discovering remedies and securing 
legislation which will reduce the loss of property 
and limit mortality. Science has the same task in 
studying volcanic disaster and there are remedies, 
not for earthquakes and eruptions, but for the un¬ 
thinking submissiveness of humanity to their effects. 

It would seem a far cry from the handling of 
city fire departments to the sciences of public 
health, meteorology, education, chemistry and en¬ 
gineering. But remote as the connection appears, 
all of these things are used by the insurance 
companies, and are of the utmost importance in 
preventing mischievous accumulation of combus¬ 
tibles, foreseeing high winds, training children in 
fire precaution, making safe matches and construct¬ 
ing fireproof buildings. Similarly the moon seems 
remote from practical study of volcanic disaster. 
Yet there is every reason to hope for greater 
alleviation of disaster from careful study of the 
moon’s face. Let us consider how. 

The moon is a model world brought close to 
us by the photographic camera attached to a great 
telescope and it is a world of mighty volcanoes 
once fearfully active. It is comparable to the infant 
earth in the days when it too may have been cov¬ 
ered with gigantic Kilaueas, with lava pools scores 
of miles in diameter and crater walls as high as the 
Andes. This vast surface, 2,100 miles in diameter, 
covered with lava plains, ring craters, pits and rifts 
is accessible in its entirety every moonlight night. 


whereas the earth is accessible only by laborious 
travelling. There are 25,000 visible lunar craters, 
and the larger ones over two hundred miles in 
diameter and with walls 10,000 feet high. Hence 
it is that the moon’s volcanoes, though now cold 
and inactive, present a marvelous natural map or 
globe to compare with the ancestral earth on which 
are remnant active fires and a fabric of continents, 
oceans, organisms, ores of iron and coals, the sub¬ 
stances which have dominantly controlled the mod¬ 
ern civilization of man, (Plate 27). 

But, you will say, earth volcanoes are different; 
and do they not differ hopelessly among them¬ 
selves? Some with terrific explosions, some with 
only lava, some in the sea, and others on mountain 
heights? Examination of Professor Ritchey’s moon 
photographs shows us Posidonius, for example, an 
oval depression with an inner pit near one end, 
down-broken blocks of its margin at the sides, a 
long spur making out on its floor and outlying 
pits back from its upper rim. All of this is like 
Kilauea with its inner floor and pit, long gravelly 
spur, and* outlying Kilauea Iki and Keanakakoi. 
And to complete the resemblance there have re¬ 
cently been lifted great crags of hard lava within 
Halemaumau just like, though on a small scale, 
the mountain peaks which stand up jagged in the 
midst of such ring craters as Theophilus, one of 
the noblest of the many primeval cauldrons pre¬ 
served to us in the lunar landscape. The diameter 
of this crater is sixty-four miles, its walls rise 
16,000 feet and the central peak is 6,000 feet high. 
Terrestrial volcanoes differ, indeed, from these in 
being partly active and so vividly affecting human 
beings, but there is high promise of understanding 
them better through serious attention to the lunar 
topography. The prospect of making photographs 
showing minute details on the moon, with the great 
200-inch glass soon to be finished at the Mt. Wilson 
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Figure 31. E}cperimen> 
tol apparatus iUustra* 
ting the port ployed 
by underground wat<* 
er when lava lowers 
into the depths, to 
make an explosive 
eruption. If the pan 
and its overflow Y 
represents the surface 
of the country, the 
level V of water in 
the bottle represents 
groundwater. A gey¬ 
ser of rhythmically ef¬ 
fervescent boiling 
water shoots through 
the upright glass tube, 
when by lowering the 
bottle to V. hard 
boiling takes place 
in the lower flask, 
owing to the stop- 
poge of overflow ot 
't*. that results from 
the lowering of the 

^ groundwater level. 

Thus In Iceland, the Yellowstone or New Zealand, de- 
weased rainfall lowering the water supply to *b' makes 
hot springs. Lowering to 'a* makes geysers. In those 
places the deep lava corresponds to the flaming burner. 
, la craters like Kilauea or Vesuvius, with lava above 
P^®**«ring the walls of the well with a shell of sol- 
idiiled glass, within which is the liquid lava, the 
groundwater cannot get in and merely adds to the 
cooliag of the shell. If the lava drains out of the moun- 
oin Under the sea. and the entire wall of the well col- 
***K**' groundwater rushes in down below and 
(Qokas a steom boiler. Geyser action then starts vrtth 
out of water and steam, more avalanching 
choking, cooling by inflowing water, reheating 
•faaewed steamblast. until finally the lava rises 
and makes a new shell. (See Figure 28). 

Observatory in Pasadena, ranks among the stir- 
I'ing excitements of science. 

As to earth volcanoes differing hopelessly among 
ihemselves, that delusion is a thing of the past. In 




topography, in sequence of phenomena, in like 
effects on habitations we find the same features 
and events in Vesuvius and Sakurajima, in Tene- 
riffe of the Canary Isles and El Misti in Peru, in 
the Lipari Islands and the Ladrones, in Sicily and 
Hawaii. The fundamental agent of eruption is the 
lava charged with gas in a fissure underground. 
The gases differ in their proportions, the lavas in 
their ingredients, and so for a season, it may be 
centuries, Kilauea seems mostly liquid basalt while 
the Japanese volcanoes seem mostly explosion and 
gas. But close inspection and study of history show 
that Japan has had floods of lava and that Kilauea 
has had violent and disastrous explosion. The vol¬ 
canic process, studied for centuries at Vesuvius, is 
everywhere the same; the lava rises through dec¬ 
ades, sputters and heats itself with escaping gas, 
and builds a lava cone. A climax of lava lowering 
and water confinement makes explosion, which 
eviscerates the cone, throws rocks and sand over 
the country and culminates in either a lava flow 
or the upwelling of a stiff lava pudding—some¬ 
times so stiff that it doesn’t appear at the surface 
at all. This is the condition where we have to look 
for earthquakes. 

It is the same with the human effects. At St. 
Pierre and at Sakurajima dwellings of the country 
folk were buried under showers of gravel and 
sand which fell like ^•ain. At St. Vincent or at 
Poas in Costa Rica you will find the same cauldron 
crater after the eruptions with puddle of green or 
muddy water boiling violently. At Santa Maria in 
Guatemala, at Bandai in Japan and at Tarawera in 
New Zealand, you will find a great rent in the 
hillside with gases escaping and hot springs where 
millions of tons of rock were blasted out and 
avalanched down the mountain on the luckless in¬ 
habitants, The very odor is the same, the solfataric 
smell due to compounds of oxygen with sulphur, 
hydrogen and carbon. Not only are the gases the 
same in many parts of the earth but we find them 
in the fiery outer surface of the sun. 

Lastly there is the earthquake process, closely 
related to volcanoes, and still full of mystery. But 
the relation remains the same in Sicily and Japan, 
Central America and Alaska. Messina and Cartago 
show us the same ruins of stucco architecture, and 
wreckage of tile roofs: the same immunity for the 
occasional rare buildings intelligently built, low, 
strongly tied, and of light materials, which were 
wholly unhurt; the same great rifts, landslips, 
waves in the ground, buildings damaged by falling 
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cliffs; and, also, the same crushing out of human 
life, bodies laid out for identification, digging 
parties with torches, and the Red Cross hard at 
work. When one has seen a fallen roof, and a tiny 
infant beneath crushed in its crib, it makes one 
wonder whether the next time it may not be my 
child. 

H. H. Turner studied correlation of volcanic 
eruptions and earthquakes for the period 1790' 
1900 with reference to times of increasing and de¬ 
creasing volcanicity and seismicity and foimd 39 
per cent of correspondence between the two. He 
wrote “earthquakes and eruptions are affected by 
the same cause.’’ This was a qpiantitative numerical 
calculation made after the method of an astronomer. 
Milne has published a world map of elliptical areas 
enclosing the regions of major earthquakes: the 
ellipses all enclose volcanic districts. 

Volcanism includes underground intrusive action 
as well as surface craters; and this action may 
extend 100 miles down. In view of this it is extra¬ 
ordinary how persistent is the tradition among 
geologists to the effect that “volcanic earthquakes” 
are trivial, superficial, and limited in extent. Vol¬ 
canologists generally tend to concur in the views 
of Oldham, Joly, Heilprin, Branca and others to 
the effect that great earthquakes may be occasioned 
by magmatic shifts beneath the earth crust, and 
even the great fault movements may be effects 
rather than causes. 

There is connection between volcanoes and earth¬ 
quakes. Places of ancient volcanic activity near to 
modern volcanoes have very great earthquakes. 
There is no truth whatever in the “safety valve” 
theory. The intervals between earthquake disasters 
at the same place are apt to be very long—one 
hundred and thirty years or double that. The cure 
is to legislate and construct intelligently, to be 
always prepared, and to educate the people by 
experiment stations just as in agriculture, meteor¬ 
ology and engineering. 

It is appropriate that Honolulu should have 
been the American community to establish first a 
volcano observatory. We are in the midst of the 
greatest ocean, surrounded by earthquakes and 
volcano lands. The place is like a central fire sta¬ 
tion, and there is some appeal to the imagination 
in possessing a world fire alarm center. The Ha¬ 
waiian Volcano Research Association should grow 
to be a Pan-Pacific research association with triple 
its present membership in Hawaii, and active scien¬ 
tific members working for their own lands in the 


Philippines, Java, New Hebrides, New Zealand, 
South and Central America, the Coast States, 
Alaska and Kamchatka. Japan has its Government 
Earthquake Institute and Java its volcano observa¬ 
tories. Zealous labor for establishment of observa¬ 
tories in other lands can only be achieved by a 
resistless enthusiasm based on necessity; the Pacific 
disasters of Valparaiso, Samoa, Tarawera, Kraka- 
toa, Taal, Nagoya, Sakurajima, Katmai, San Fran¬ 
cisco, Guatemala City, Cartago, Long Beach, Santa 
Barbara, Napier, Tokyo, Rabaul and a hundred 
others constitute an endless warfare, and what 
more fitting center for mobilization against it 
than the natural laboratory of the Island of Ha¬ 
waii? 

Science is the insurance agent, collecting statis¬ 
tics which will help for forecasting, for protection, 
for meeting the crisis. Statistics of sounds, gases, 
temperatures, soundings, shakes; improved photo¬ 
graphic records; use of planes, cables, submarines, 
surveying apparatus, pipes; improved magnets, 
radio, pendulums; these are the tools of such a 
station as the one at Kilauea. 

What have we learned there? That the lava is 
not liquid at all, but a hard red hot body. That 
the seeming liquid is a foam of burning gases and 
glass melted by them. That this oxidation heat is 
mostly near the surface and perhaps the deep heat 
is only moderate. That the gases are terribly explo¬ 
sive agents, and their restraint would mean disaster. 
And finally, that there is periodicity to the risings 
and fallings, to the recurrence of flows, to eruption 
in short and that earth shakings and tiltings accom¬ 
pany these things. All of this means data for 
prediction, and an increasing body of fact which 
gradually makes clearer the physics and chemistry 
of eruption and earthquake. The clearing up of 
these mysteries has this great advantage over the 
field of ordinary insurance companies; it does not 
deal wiffi the statistics of human whim, but with 
the inexorable certainties of physical law. Once 
determine a formula, and it will always apply* 

Figure 30 (opposite page). The Kilauea hw 

presses maximum height above sea level reached oy 
lava In the crater floor at times of relatively sudoe 
subsidence. Dates of such subsidence, were 
by notable quiet spells. Minor fluctuations are no* 
shown. The striking features are the long ^ 

134 years. Its divisions of approximately ^ y®* 
and the minor divisions of approximately 11 X®® 
wherein the maxima'tend to correspond with w 
minima of sunspots. Length of columns In the upp 
diagram corresponds to duration of outflows In weens. 
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Figure 30. Diagrams of rise and fall of lava for 150 years in Kilauea, Mauna Loa and 

Hualalai. (See opposite page, bottom of second column.) 
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ther to Vesuvius or Messina, to Mauna Loa or to 
San Francisco. 

Very good, says the critic, but where has any 
of this been practically applied? Has anyone yet 
been saved? Most certainly, yes; at Jamaica and 
Kagoshima. And in 1917 at Guatemala City, where 
destruction of the same kind a hundred and forty 
years ago led to improvements; where history has 
promoted earthquake education; where fresh dis¬ 
aster in 1902 kept fearfully alive the expectation; 
and now we learn “only a few hundred were killed 
of a population of 90,000,” So at Kagoshima, 
Japan; when Sakurajima erupted and the earth¬ 
quake came, 90,000 people moved and returned, 
and not more than fifty people were killed; con¬ 
trast this with the Messina straits in 1908 with 
200,000 killed! Why thg improvement? Because 
the people remained in the open air when the first 
shocks came; or if on a volcano they packed up 
and departed; or if in Japan because their archi¬ 
tecture shows wisdom; because government scien¬ 
tists advised them; because army, navy and scien¬ 
tific bureaus worked together; because, in brief, 
these volcanic lands have begun to be attuned to 
volcanic disaster. Kingston, Jamaica was one 
bright spot as a modem lesson in earthquake recon¬ 
struction; and the Kingston building law of 1907 
was a first model to all cities in volcanic lands. 

The lessons of St. Pierre, Mount Pelee with its 
rush of “cauliflower” clouds, its dome of lava and 
lava tower, all this mechanism marking danger, 
the discovery of moving earthquake rifts as at 
Nagoya Japan, and at San Francisco, the statistics 
of recurrence, of time, of place, of distribution, 
topography and tidal control, the relationships be* 
tween volcanoes and earthquakes, the marshalling 
of these facts according to the mathematics of 
chance, the making of continuous measurements of 
changing features as at our observatory, the inter¬ 
est of governments, the recognition that all this is 
not geology but a new science of geonomy, earth 
law—these lessons of natural disaster have created 
a new era in the study of the inner earth. Let us of 
the Pacific lands unite with a vim in the peaceful 
warfare of science against the volcanic menace, let 
us establish uniform observatories around the 
Pacific Ocean and give of our lives, our enthusiasm 
and our wealth to Geonomy as a worthy basic 
science. 

After quoting the evidence from Kilauea and 
Lassen, Dr. A. L. Day reaches the conclusion 
“that volcanoes are local and superficial develop¬ 


ments representing (geologically) the last stages 
in crystallization in a mass of magma below, of 
which little remains fluid, and this in small (as 
geologic dimensions go) pockets, which are quite 
variable in gas content, pressure and conditions 
of chemical equilibrium. The outstanding factor 
in determining the character of modem volcanism 
is the gas content of the crystallizing magma. If this 
be mainly of steam released in a closed chamber, 
as at Lassen Peak, then only steam explosions are 
to be expected as the surface manifestation of the 
crystallization of the magma below; if to the steam 
are added such chemically active gases as chlorine, 
sulphur, hydrogen and the hydrocarbons, then 
chemical reaction between these will be a sufficient 
cause of higher temperatures and lava flows of the 
character well known at Vesuvius, Stromboli or 
Kilauea.” 

The supporting evidence for this theory cited is: 
The temperatures in Kilauea lava lake are very 
variable; the viscosity of the material in the lava 
basin is diversified; gases maintain fluidity remark¬ 
ably and more gas brings more heat; the gases are 
variable and not in equilibrium; surface tempera¬ 
tures are hotter than those below; the Lassen 
eruptions on the other hand showed little red heat; 
they produced merely great explosions of water 
vapor; the Kilauea pit after the 1924 explosive 
eruption showed red hot crystalline bodies and pos¬ 
sible lateral vents; on other occasions it has shown 
lava flowing from different levels. 

All this is summed up as proving that “the hetero¬ 
geneous character of the gases collected, the tem¬ 
perature conditions within the lava basin, th® 
appearance of the crater when free of all its liquid 
lava, and the dynamic relations within the lava 
body when present in the crater, all point to many 
sources rather than to a single source both of 
gases and of magma.” Day thinks that the gr®®* 
Tertiary floods of lava of Africa, India and North 
America may have been from a crustal substratum, 
but that modem volcanoes have no such source. 

It would be hard to imagine any more com¬ 
pletely different explanation for the same phen¬ 
omena than is R. A. Daly’s doctrine of the cause 
of volcanic action, as compared with the crystalh" 
zation-pocket theory of A. L. Day. Daly is geologist 

at Harvard, Day is physicist and former director 
of the Geophysical Laboratory at Washington. 

Daly makes the fundamental cause of volcanic 
action a rising of molten rock from the interior. 
Fluxing gases from such an injection are respon- 
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sible for the long lives of ordinary volcanoes. 
Effervescence of the gas-charged slag is one of the 
conditions for lava outflow. Gas pressure is one of 
the causes for the initial rise of this material. But 
it is not the main cause. 

The main cause is the weight of the crystalline 
crust of the earth, which from time to time breaks 
so that the continental blocks slip or glide sideways, 
underlain by a thick shell of hot basaltic glass, 
which is rigid but weak. This hot basalt, released 
of pressure, rises into tension cracks that open 
when the broken continents slide toward lower 
basins of sedimentation (oceans). 

The migration of crust blocks of continental 
dimensions, over a substratum of lava-glass which 
is easily strained by prolonged pressure in one 
direction, is the Wegener “drift theory’* of the 
origin of continents and compression of mountain 
chains. The existing continents broke away from 
an Asia - Europe center, migrating toward the 
Pacific both westward and eastward. The crust is 
some 40 miles thick. The substratum is “slippery.” 
The continental movements have been like great 
landslides, leaving widening tension cracks behind, 
which are now the Arctic, Atlantic and Indian 
oceans. These have shore-lines peculiar to such 
origin. The Americas and the Australia-Asia blocks 
migrated towards the Pacific center, “folding and 
rafting together” the strata downstream, and so 
crumpled up and finally lifted the mountain ranges 
of the Cordillera, the Andes and eastern Asia and 
Australia. 

The granite intrusions of the mountains are 
accounted for by Daly as follows: At the front of 
the advancing continents huge crust fragments 
sank in the lava substratum. There they were 
melted and produced solutions more siliceous than 
the original basic glass. New gases from limestones 
were introduced into the melts so formed. These 
account for the concentration of alkaline lavas and 
intrusions. This deeply assimilated matter was 
injected into or through the crumpled mountain 
sediments as granites, diorities, rhyolites and 
andesites. 

This explanation is said to accord with the 
, tidal • disruption theory of earth origin, which 
demands a primitive molten stage for the globe, 
and a thin crust. Proofs for the basaltic under-layer 
are the computed deep temperatures, too high for 
crystallization. Isostatic balance implies plasticity 
in the substance beneath the crust. The sinking of 
sedimentary basins, and their great squeezing to¬ 


gether and shortening long before they are lifted 
and eroded into mountains, are facts that appear 
to agree with the idea that a substratum makes 
room for them and that something advances to 
crush them. The tension cracking and sinking of 
large areas of the crust of the earth over which 
basaltic floods of lava have poured out, and the 
repeated upgushing of black “trap rocks” as dikes 
in all geologic ages, are evidences of a basaltic 
underpinning capable of effusion when the crust 
breaks up above it. Such broken and flooded areas 
are the great rift of Africa, the Deccan of India, 
the Columbia basin of Idaho and Oregon, and 
the Bushveld of the Transvaal. 

Earthquake wave calculations show sudden 
changes in substance, of layers of the globe 35 
and 75 miles beneath central Europe. The rock 
is believed to change from siliceous to something 
heavy like basalt 35 miles down. Such a change 
is estimated to be only 15 miles down under the 
Atlantic, and is absent under the Pacific. 

Professor W. H. Hobbs of the University of 
Michigan bases his idea of volcanic action on a 
conception of pockets of melted sedimentary rocks. 
He believes in giving up the notions of permanence 
of oceans, of nebular origin for the earth, of intru¬ 
sive rocks being connected with a substratum, of 
earthquakes having an epicenter, of subterranean 
flow and outthrust from Asia of mountain-forming 
pressure, of isostasy, and of tensional stress any- 
where. Compression is the rule. Strata of stiff 
limestone arched up over shale by compression, 
the rocks being restrained from melting only by 
pressure, relieve the pressure on the hot shale so 
that it melts. Laccoliths are formed by this mecha¬ 
nism, and according to Hobbs have no feeding 

dikes below. 

Proofs of the hypothesis are adduced as follows: 
The planelesimal theory is right and calls for no 
molten planet. • On the basis of Gutenberg’s 1914 
conclusions from earthquake wave velocities, the 
center of the earth is like the stone-iron meteorites, 
next outward comes a layer of heavier nickel-iron, 
then meteoric stone of density 3.6, and outside is 
a thin rind of sediments and igneous rock. The 
fusing point is elevated with increase of pressure. 
Mountain forming sediments are under great pres¬ 
sure and very hot. Local release of pressure will 
fuse them. The interior of the earth is proved rigid 
by physical experiments, hence cannot be molten. 
Water greatly lowers fusion point and sediments 
contain water. In pegmatites all gradations exist 
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between water solution and rock melt. According 
to Hobbs less than five percent of the igneous rocks 
are as heavy as the lightest of the meteorites (he 
appears to take no account of the possible distri¬ 
bution of basalt under the bottom of the sea). And 
finally, the average composition of shale is like the 
average composition of the igneous rocks. 

This last argument is developed at great length, 
and groups of slaty sediments are said to constitute 
petrographic provinces just as igneous rocks do. 
No argument is brought forward, however, to show 
that any gradations are anywhere found between 
unmelted and melted shales in the hollows of folds. 

It is granted that normal faulting means exten¬ 
sion of earth surface area, apparently, but Professor 
Hobbs thinks the overwhelming proof of shortening 
of the surface everywhere is that rails, pipes, 
bridges and masonry always buckle in earthquakes 
and never stretch. The reviewer has before him a 
photograph of a curved water-pipe in Hawaii sub¬ 
jected to the Puna earthquakes of 1924, which was 
pulled out to a straighter curve, and can recall 
other cases of tension in earthquakes. 

The fallacy of the Hobbs position appears to lie 
in the much greater difficulty of proving tension, 
whereas buckling is easy and obvious. Hobbs 
states that in those lenticular intrusions called lac¬ 
coliths, “the supposed conduit feeders have never 
in a single case been discovered.” This is simply 
an error. 

Other evidences cited for the shale-melting origin 
of lava are that the gases in sediments are like those 
in volcanoes, that the limited range in chemical 
composition of magma is accounted for, and that 
this composition is systematically different in block- 
faulted regions from folded regions. Professor 
Hobbs believes that geologists have overestimated 
the span of geological time because the science 
grew up around the Atlantic where processes are 
slow. 

The leading American expositor of the doctrine 
of isostasy, W. Bowie, considered volcanism super¬ 
ficial. Dr. Bowie was chief geodesist of the U. S. 
Coast and Geodetic Survey. He writes “mountains 
are not formed where the crust is weakest, but 
where conditions are favorable to the expansion of 
crustal matter. Volcanoes are due to local causes” 
citing Day. “Active volcanoes seem to be only in 
areas of recent uplift or where uplift is still taking 
place. Volcanoes probably are mere incidents to the 
processes involved in the decrease in density and 
increase of volume of crustal material. 


“It is probable that earthquakes are phenomena 
caused by local processes. Earthquakes probably 
are incidents to the up-movement of materials when 
mountains and islands are formed, to subsequent 
erosion, and to the sinking of the earth^s crust as 
sediments accumulate. They are exceedingly rare 
in areas not subjected to the above three processes.” 

There are at least two statements here that 
geologists may take exception to. The greatest 
floods of lava in the world have been in regions of 
tension and down-break, and present-day volcanoes, 
since Tertiary time, are mostly breaking down and 
lowering. This is true of the Bay of Naples, Hawaii 
and most of the island volcanoes. On the other 
hand, where lava volcanism is in process of extinc¬ 
tion through stages of explosive eruption, as in the 
Andes, elevation has occurred. This does not 
agree with the notion that active volcanoes are 
characterized by uplift. Moreover earthquake cen¬ 
ters are abundant along the great deeps of the 
oceans, some of them extremely remote from land 
derived sediments. This does not agree with the 
statement that they are rare in regions not subjected 
to either erosion or sedimentation. 

To Dr. Bowie the dominant crust movements 
were vertical. Horizontal pressures are mere lateral 
components of up and down stresses. The “crust” 
is about 60 miles thick, and below this depth the 
earth’s material acts as though it were plastic. The 
dominant control of the movements today is lighten¬ 
ing by erosion and weighting by sedimentation. 
The reason why a sedimentary basin sinks for a 
long time before the heat from below expands and 
raises it, is that sediments are poor conductors and 


there is a long lag in the heating; in the same 
fashion there is lag in the cooling of eroded areas, 
but when it is achieved the sub-crustal material 
that has flowed in is dense and aids contraction in 
bringing about final subsidence. This is much 
like Sandberg’s view. 

“The earth’s crust rises under erosion areas and 
sinks under the sedimentary areas.” Therefore the 
crust is very weak in yielding to long-continued 
pressure due to weight. It seems to the reviewer 
that Bowie over-accents sedimentation, and disre¬ 
gards the great differences in weight of quartzo^ 
continental intrusions, and iron-charged oceanic 
lavas and their probably enormous volume. We 
know nothing of the amoimt of sluggfish volcanism 
going on on the ocean floor to keep it heavy and 
low. We do know that quartz is the commonest 
mineral of the continents, and that both are light 
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and stand high. As by Bowie’s own showing the 
deficiency or excess of mass in theoretical earth 
columns is far below the surface at sea-level, it 
would seem possible that intrusive and extrusive 
processes may lighten or weight the crust much 
more profoundly than the movement of sediments. 

Dr, R. D. Oldham, who from 1879 to 1903 
studied earthquakes as a member of the Geological 
Survey of India, in lectures at the Royal Institution 
January-February 1923, reaches the conclusion 
that great earthquakes may result from rapidly 
produced strain. They are commonly thought to 
result from gradual accumulation of strain, which 
acts from below in opposite directions on some part 
of the solidified outer shell of rock, so that the 
shell gives way by faulting or “elastic rebound,” 
and the rupturing motion on the fault-fissure is 
the earthquake nucleus or center. In such a case 
the maximum quaking should be at the rupture, 
the rupture should be parallel to the line of strain, 
and the strain should be demonstrably slow. 

Oldham points out that the maximum quaking 
is often not at any one rupture or at any visible 
rupture all; in the great Indian earthquake of 
1897 and the California earthquake of 1906 there 
were several centers of intense shallow shaking 
over hundreds of miles, with isoseismal lines close 
together and outside these there are widely sepa¬ 
rated isoseismal lines for the lesser intensities of 
shaking. The Charleston earthquake showed no 
definite faults at all. The fault displacements in 
the Cutch earthquake of 1819 and in the California 
earthquake of 1906 reached twenty to thirty-five 
feet up-and-down or horizontally, but away from 
the fault plane die out within six miles. 

The argument is that the multiple centers are 
themselves the result of a big movement more pro¬ 
found called a bathyseism; that their close set 
isoseismals are the results of their own shallow 
movements; that complicated scattered movements 
simultaneously over a wide area with outlying 
tenters are incomprehensible results of slow grow¬ 
ing strain, but are easily understood if the develop¬ 
ment of deep strain over a wide area is rapid. 
L. Pilgrim in 1913 concluded that the origin of the 
California earthquake lay at a depth of 100 miles, 
®nd H. H. Turner concludes on analytical evidence 
from seismograms that many teleseisms originate 
from 50 to 300 miles below the surface of the 
®«rth. As at these depths the material is weak, the 
original motion is Conceived a volume-density 
change of deep-seated volcanism. 


The Tokyo and Santa Barbara earthquakes agree 
with the conception of deep strain. Tokyo showed 
two distinct displacements; widespread slight shore 
uplift of one to seven feet due to a deep cause, and 
a dropped fault-block locally down six hundred 
feet in the bay. Santa Barbara lay between meas¬ 
ured bench marks that in fifty years have moved 
respectively 24 feet north and 10 feet south; no 
north-south fault has been reported on the surface, 
but the bench-mark creep appears to indicate grow¬ 
ing strain, remote from the 1906 movement. Old¬ 
ham’s ideas are in good agreement with many 
earthquakes where the shock is evenly felt over 
wide areas. 

Professor Joly of Dublin accounts for the syste¬ 
matic recurrence of great geologic revolutions ac¬ 
companied by mountain-building, volcanism and 
extinction of floras and faunas, by a series of cycles 
thirty million years long each, occasioned by 
storage and release of radioactive heat. This con¬ 
ception accords well with the volcanologist’s ex¬ 
perience of short term tides and cycles, and with 
the evident condition of the earth today volcanically 
as degenerate compared with Tertiary time. 

There is first a lowering of the continents under 
shallow seas and deep sediments. Then the sedi¬ 
ments rise crushed and wrinkled and are worn into 
mountains. There is outbreak of floods of lava, 
generally along western coasts. The land attains 
its former elevation and a long time of comparative 
quiet ensues with life prospering. Figuring the 
age of the sedimentary rocks we know from the 
radio-active degeneration of thorium lead, Joly 
makes the four or five world revolutions of geology 

thirty million years apart. 

The continents float upon yielding basalt below. 
The crust is 24 miles deep and the basalt 200 
miles. The cooled non-liquid basalt heats itself to 
liquidity in 25 million years. It becomes lighter 
on heating, so that the continents sink slightly 
while the supporting liquid expands and ruptures 
them. The ubiquitous radioactive elements do the 
heating. Volumes of lava pour out. The volume 
increase of the lava substratum is over six percent, 
enough to increase the surface area of the globe 
650,000 square miles. 

Tidal effects appear in this sea of lava under¬ 
ground. The continental crust lags behind as the 
earth rotates and the eastward pressure of the 
substratum crushes and crumples the deeper por¬ 
tions of the continenUl blocks filled with sediments, 
especially on their western sides. These crushed 
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troughs are to become the mountains. The conti¬ 
nents drifting relatively west leave the lava on the 
east under the sea-bottom close to the surface, 
quicker circulation in the liquid lava causes it to 
cool and crystallize losing its heat to the oceans, 
80 that the hot eruptive period draws to a close. 

With the cooling comes greater density to the 
basalt and the continents rise by floating higher 
through a period of some five million years, and 
volcanic activity wanes. The sea-bottom lava 
shrinks and lowers. This is the sort of time we 
are living through now. The early Tertiary age 
was the last time of revolution. The crushed sedi¬ 
ments of the former shallow land-locked seas are 
heaved higher than the rest of the continents be¬ 
cause their roots go lower in the floating, just as 
a deeper ice-berg lifts a higher peak. The weather 
and streams erode them into mountain ranges. 

It is true that all mountain ranges do not trend 
north and south like the Cordilleras. But in the 
cases of the Himalaya and the Pyrenees, for ex¬ 
ample, the rupturing Eurasian continental blocks 
had merely to execute slight turning movements to 
distort the mountain axes. The inter-revolutionary 
periods are full of small revolutions through graded 
cycles leading to the big ones. Summarizing July’s 
theory, radio-activity furnishes the heat that peri¬ 
odically takes effect by liquefying the outer part 
of the earth, and the rest of the energy is furnished 
by the rotation of the earth when the crust becomes 
mobilized. The globe is enormous and heavy, the 
crust is trivial and light, and the surface velocity 
is 1,000 miles an hour. 

The nearly complete oxidation of the hydrogen, 
sulphur and carbon gases of Hawaiian lava lakes, 
and the availability of abundant oxygen in earth 
and air as a heat-producing agent of combustion, 
have led us for many years to seek a logical com¬ 
bustion hypothesis of volcanism. Day, Shepherd 
and Allen have analyzed the gases and proved their 
extraordinary irregularity in composition and their 
oxidized condition when they reach the surface. 
Jaggar and Finch have demonstrated that the ex¬ 
plosive eruption of Kilauea was an incident of a 
low temperature engulfment process. The volume 
of rusty rocks engulfed was 253 times the volume 
of ejected matter; this may be called tentatively the 
ejection-engulfment ratio 1/253. Every short cycle 
of slow lava rising ends with rapid collapse and 
engulfment. 

The engulfment-combustion hypothesis of Shep¬ 
herd and Jaggar is based on a conception of sub¬ 


terranean normal magma containing combustible 
gases in solution and iron mostly ferrous; while 
engulfment down vertical chasms was conceived as 
a normal process for introducing to the magma 
oxidized rock matter containing ferric oxide. This 
holds an excess of oxygen from the rusting of old 
lava exposed to the air and acids. 

In the presence of hydrogen, for example, the 
ferric oxide would be reduced to ferrous and the 
hydrogen would be oxidized to water vapor with 
evolution of heat. Given a moderate amount of 
hydrogen in the new magma rising, and oft-repeated 
engulfment of rusty crater rock, enough heat would 
be supplied to keep lava volcanoes in activity with¬ 
out much fresh lava from great depths. By this 
hypothesis explosive steam eruptions become noth¬ 
ing more than accidents due to engtJfment-plugging 
of craters over ground-water boilers below. 

The two novel features confirmatory of this ex¬ 
planation are the ejection-engulfment ratio 1/253 
measured for the first time at Kilauea in 1924, 
and the excessive amount of red oxide of iron there 
revealed in the wall-rock fragments. Seven billion 
cubic feet of this rip-rap were precipitated several 
thousand feet deep into the heart of the mountain. 
The new lava that reappeared in the pit July 1924, 
had frothed its way up through the crevices of this 
oxidized breccia. It took up oxygen and was 
heated as it rose. Doubtless other oxygen was 
entrapped as air. The agglomerate is both a porous 
heat insulator and an oxygen supply for the bum- 
able magmatic gases. If three percent of the 
breccia were ferric oxide reduced back to ferrous 
iron, enough heat would be supplied to raise seventy 
million cubic feet of the debris from air tempera¬ 
ture 20® C. to the temperature of liquid lava 
1200® C. 

This theory accounts for the excess of water 
vapor in lava, for the oxidized condition of the 
other gases, for the rapid passage of gas up the 
lava coluum, for the channels and tunnels of the 
lava lake bottoms. The half-melted breccia is 
or lowered as a whole by the gas-charged melt ui 
its honey-comb, and this explains the “bench 
magma” with its puzzling crags, islands and floors. 
Convection through the crevices produces the vary 
ing currents of the lava lakes. The upper portion of 
the breccia is renewed by every crateral subsi¬ 
dence; this makes a concentration mechanism for 
the less volatile gases such as sulphur, and the 
sulphur acids in turn powerfully oxidize the crater 
rocks. 
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The world'wide history of volcanoes agrees with 
the hypothesis. Enormous engulfments went un¬ 
measured at Krakatoa and Sumhawa. Down- 
faulting since Tertiary time is the rule around the 
Pacific. Downfaulting is the age-long process at 
volcanic craters everywhere. Subsided crater floors 
are dominant on the moon. Downfaulting is what 
may be expected above subterranean chasms that 
open laterally and engulf large masses of their 
wall rock. Collapsing of crater regions with or 
without explosion has volumetrically been the 
biggest volcanic process of post-Tertiary time. 
Engulfment on a gigantic scale appears to have 
occurred along the Cordilleran intrusive belts. 
Agglomerate necks, plugs, domes and dikes are 
common. Hydrogen throughout the solar system 
is the dominant volcanic gas and the current theory 
of the earth’s interior shows an evolution that has 
produced oxides, including water, increasing from 
within outward, and metallic iron increasing 
inward. 

Thirty years of the Hawaiian Volcano Observa¬ 
tory have uncovered some new deductions from 
experiment as follows: 

A lava column is made up of four substances: 

(1) Deep magma from the centrosphere, 
unique and homogeneous. 

(2) Gas foam, fluent and vesicular. 

(3) Gases; hydrogen, carbon oxides, and 
nitrogen group. 

(4) Glowing residue semi-solidified. 

Lava lowering is just as common as lava rising, 
and explosive eruptions are complications of such 
lowering with ground-water. 

A volcano is a contaminated external remnant of 
intensely living buried intrusion along belts of 

profound rifting. 

The contamination of deep magma is with 
crustal, marine and atmospheric concentrates such 
as the 13 light elements including iron which make 
up 99 percent of the theoretical crust. 

A corollary is that common-ness in the crust is 
no criterion of percentage composition of core, 
planets, bolides or solar system. Seventy-two per¬ 
cent of the crust, the sea-bottom, man has never 
collected as rock specimens. The iron core doc¬ 
trine is completely wrong, just as Kelvin’s solar 
cooling was completely wrong. There are more 
than sixty elements heavier than iron. Crust ele¬ 
ments are refuse of the core. An exploded fluid 
core would not make hard pieces of metal like 
meteorites. Fragments of shallow shell would if 


we recognize an iron layer not far down under the 
basaltic shell. 

There is no distinction between magmatic and 
tectonic seismology with earthquakes 400 miles 
deep. Tilt and level change are measurable any¬ 
where. Surface effect of intrusive magma needs 
study everywhere. The most neglected field of 
science is the sea-bottom. Physical geology cannot 
be made a science without knowledge of sea-bottom 
thermal gradient, rock, lava-flows, quakes, magne¬ 
tism and water content. Money and labor can 
make this science just as they have made astro¬ 
physics and public health. Science interested 
business in the sun, when Carnegie founded a 
solar observatory. It must interest business in 
the sea-bottom. 

Ground tilt and level changes at volcanic igni- 
septa, earth-crust partitions built from core up by 
intrusion along volcano chains, have led to in¬ 
creased knowledge of engineering and public safety. 
Cycles and prediction are developing with knowl¬ 
edge of volcanoes and earthquakes. This is applied 
discovery in geonomy, just as navigation of airplanes 
is applied discovery in astronomy and meteorology. 

The Author's Conclusions about Eruption 

The Hawaiian questions, rifts, ground-water, in¬ 
trusion furnace, and engulfment-lowering of mag¬ 
ma, are here applied to Pelee and other volcanoes. 
Incidentally Soufriere and other volcanoes famous 
for steam-blasts have been examined. The expla¬ 
nations published of the St. Pierre disaster have 
been so inadequate that a review appears to be 

justified. 

The writer has assembled first-hand witnesses, 
and their statements that throw light on the vital 
questions. These essentials have been reviewed for 
Pelee, Soufriere, Kilauea, Mauna Loa, Tarawera, 
Sakurajima, Katmai, Niuafoou, Rabaul, Taal and 
Tomboro, Bali, Krakatoa and volcanoes of other 
lands; all that remains is to gather main conclu¬ 
sions, without pretending that these are final, or 
that they do more than add a structural viewpoint 
to the magmatic viewpoint of former expositors of 
the difficult subjects, steam blast eruption and lava 
eruption. The reader has now acquired enough 
technical words to understand the following: 

(1) Lateral rift. All circular craters begin as 
linear rifts. All cones have radial or concentric 
fractures. Radial fractures in Pelee along the bot¬ 
toms of the southwestern gorges are old features, 
revivified as deep solfataras, clogged with large 
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bowlders, developing temperatures over 400® C. in 
volcanic gases with excess of argon along with 
ammonium chloride, as investigated months and 
years after the St. Pierre disaster by Hovey, Lacroix 
and Moissan. 

The principal crater rift gorge at Pelee is River 
Blanche, connecting sea and crater as the straight 
path of the downblasts large and small; the crater 
accumulated a pile of andesite, itself eccentric to 
the mountain summit, and the dominant “glow 
clouds” rose from the wall-crack of the pile, from 
the notch below it, from next to an old plug half¬ 
way down the valley called Mome Lenard, and from 
at least two points in the midst of the great fan- 
cone delta of debris, in line with the others, and 
near the sea. The glow clouds migrated, they rose 
from a bubbling liquid, they travelled a mile a 
minute, and they evolved their product from mud 
to an incandescent dry pulp of ash. They stopped 
often at the sea and did not usually boil the sea¬ 
water. 

They definitely jetted up from the vent-points 
named, but left only a ridgelet and solfataric heaps 
of bowlders. The jets were at various angles, and 
often were straight up as a belt of jets, with ac¬ 
cumulating cauliflower energy from crater to 
maxima near sea, and a linear overhang of cumulus 
the whole length of the valley rift belts. The same 
extension of crater blast to rift belt westward 
occurred at Soufriere. Rift belts are essential fea¬ 
tures of volcano eruptions in all lands. 

After each paroxysmal ejection a boiling flood 
of mud was sweeping down the crater valley at 
Pelee without corresponding rainfall, and with no 
possibility of summit crater origin at the incan¬ 
descent magma. On the downblast ridgelet scars, 
linear mud-flow sources were found in a V-point 
upstream, giving place up-valley to incandescent 
pulp. Similar “lava” mud-flows were described 
in all the western and southern valleys of Soufriere. 

The paroxysmal valley eruptions of Pelee carried 
mountain blocks, partly from the notch and partly 
from the cumulo-dome, weighing up to maxima 
of 50 tons or more, measuring scores of cubic 
yards, from crater to sea, a distance exceeding 
three miles. Nothing there but mud-flood could 
do that work, and no mud flood could travel a 
mile a minute on that grade, except over an opening 
crack that opened at that rate, and vomited up the 
flood from crater to lower vent, or from crater to 
sea. Lower vent and shore were stopping places, or 
source places of upblast. 


(2) Ground water. All volcanic islands have 
a water table, a fresh water lens floating on sea 
water. Its height of fresh water may be only a 
few feet above sea-level, dependent on rainwater 
seepage supply, but its depth as a lens below sea- 
level is forty times as much, dependent on sea¬ 
water being one<fortieth heavier than fresh water. 
Volcanic islands are of porous rocks and are seis- 
mically fractured and water-permeable. Confined 
water between impermeable dikes usually stands 
high above water-table, notably so if near craters, 
which are generated by dikes. Thus hot springs 
occur near craters in all the volcanic districts of 
the world. 

They are heated by intrusive magma and mag¬ 
matic gases. Even if all the fresh water during 
an eruptive period were ejected or evaporated, the 
ocean source is illimitable and its pressure invasive 
of a heaving mosaic of joints in a volcano, much 
more of which is submarine than supramarine. 
Unless magma thermally insulates itself from 
ground-water with a vitreous shell—which it does 
in solfataric simmering—magmatic inbreak (irrup¬ 
tion) or outbreak (eruption) necessarily ruptures 
new waterways to contact with frothing slags, 
exothermically self-heating when yielding of the 
edifice releases vesiculation pressure. 

Fundamental gases are principally carbon diox¬ 
ide, hydrogen, nitrogen and the argon group, and 
contamination yields excess of water vapor, chlo¬ 
rine, and sulphur from crateral concentrates. The 
sal-ammoniac crystals and hydrochloric traces of 
the Pelee valley are evidence of subterranean chlo¬ 
rine from below sea-level, but not necessarily 
magmatic chlorine. Moissan found here, in the 
deep solfatara gases saturated with water vapor, 
about 8 percent hydrogen, 15 percent carbonic 
acid, 1.6 percent carbon monoxide, argon 8 percent 
in excess of its requirement for the 70 percent of air 
present, 5.5 percent methane, and traces of sulphur 
and hydrochloric acid. 

Shepherd heating Pelee rocks in vacuo found 
water vapor, carbon dioxide, fluorine, nitrogen, 
carbon monoxide, sulphur, chlorine, hydrogen and 
argon in that order of decreasing volume after 
eliminating air. The remarkable gas specimens 
were two from the hypersthene andesite dome con¬ 
taining 12 and 21 percent carbon gases with abun¬ 
dant sulphur and fluorine; a pumice from 
blasts of July 1902 containing nearly 3 percent of 
sulphur, 10 percent of chlorine, and 4 percent 
fluorine; and a breadcrust shell of 1902-1903, 
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containing 96 percent water vapor, 26 cubic centi¬ 
meters gas to the gram, fluorine second to water 
among all the constituents and chlorine almost as 
much; these two made up 2 percent of air-free 
gases. The chlorine content from the crater valley 

pumice is many times greater than any of the 

% 

plutonic rocks or basalts from other volcanic 
districts, and ten times greater than any other 
Pelee specimen. This agrees with the sal ammoniac 
evidence of the valley solfatara, to the effect that 
sea water was available. 

I have shown in Chapter 21 that it became 
possible with the help of Krakatoa analogy and 
the St. Vincent accords of May 7, May 18 and 
September 3 1902, to use geyser theory in published 
forecasts of May, July, August and November 
which were confirmed by volcanic events. 

This appears to justify the geyser conception of 
ground-water heated and evacuated, the chamber 
enlarged and refilled, and new intervals thereby 
lengthened (See Figures 28 and 29). 

(3) Intrusion furnace. After determining that 
the alignment of volcanoes is necessarily over a 
large line of crust fissures, and that every volcanic 
dome rifts itself in maintaining circular symmetry, 
and that an underground sea of water is unavoid¬ 
able in such oceanic and moist atmospheric en¬ 
velopes, it remains to consider magma. 

The existence of magma makes the islands or 
domes volcanoes. It flowed freely as a more basic 
substance at one time. It is profound and volumi¬ 


nous as the aligned building material. It came 
from below the crust of the earth. In coming it 
was impelled by its self-heating gases in solution. 
Its presence in aligned fissures through its own 
hardened substance, and confined below as dikes 
in crustal envelopes, implies growing restraint by 
shells of rock, air and water. All three are in 
origin volcanic; slags, gases, liquids. All three 
encase a globe containing their ancestral solar 
fluid. The corollary is inescapable that the intru¬ 
sive fluid charged with gaseous energy fills the 
ignisepts or linear fissures as a remnant of what 
was free-flowing in hotter times. 

In other words, volcano chains have intrusions 
active under them. This deep magma has confin¬ 
ing walls, hence has a solid geometry, a form. 
It ruptures its container, the ruptures are elongate 
and vertical. Old sections show dikes or fissure 
fillings, some longitudinal, some transverse. The 
dike is the principal feeder of craters. The pit is 
merely a concentrated dike. 

A cold dike complex confines water at high levels 
and pressures. A hot dike rupture is an intrusive 
act of vitreous deep magma, its gases released to 
vesiculation of fire magma, which with loss of gas 
and temperature semi-crystallizes to bench magma. 
The latter is the bulky paste of every lava column. 
Intrusion is a glass-blowing system. Effusion is a 
trivial incident. Intrusion into ground-water is 
another trivial incident. Lava-flows and explosions 
are secondary processes in this sense. They are 
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features of contamination of pure magmatism. 

The fiery lakes and lava flows of Hawaii are 
differentiating the magma that rises in the deep 
region into three substances; namely volumes of 
burning gas at highest temperature, spouting floods 
of vesicular glass at next lower temperature, and 
encompassing shells of incandescent crystalline 
paste at still lower temperature. Lava emission 
creates a blow-pipe system from the deep region 
upward wherein the gases are impelling, heating 
and liquefying the foam, the border selvage is 
creating a mantle of differentiated mobile crystal¬ 
line paste from the sides and top of the lava column 
inward, and the bursting of the bubbles at the 
surface creates in relatively minor volume the 
fountains, lakes and liquid streams that are con¬ 
fined within marginal shells or spread-out fields 
of the crystalline paste. Aa and pahoehoe are 
merely crystal-sprouted or glass-wrinkled surfaces. 

In Halemaumau pit of Hawaii and far down the 
shaft this marginal paste is the most potent and 
voluminous moving unit of the lava column; in any 
lava flow, either aa or pahoehoe, the marginal 
paste is the large low-temperature field flowing 
slo^vly, and crusted over on top but pasty within, 
that lies on all sides of the distributary streams 
that make channels and tunnels within a wide¬ 
spread sheet of slag. At Pelee and Soufriere it is 
the andesite paste column. 

Possibly remelting by gas in the tunnels adds 
glass to the liquid melt, for we know that glazes 
are remelted on the ceilings of such tunnels. It is 
certain that the gas differentiate of the magma is 
the only ingredient at the surface capable of melt¬ 
ing solidified lava: its temperature is 1300° to 
1400° C., the liquid lava is at about 1100° C., 
and the paste magma about 900° C. These tem¬ 
peratures have been measured. 

This paste magma in the depths brings to light 
a new consideration that cannot be evaded. No 
one who has watched, with years of measurement, 
the detail of semi-consolidation of the bottom and 
sides of shallow Halemaumau lava pools, and the 
rising and lowering of upright pencils of this sub¬ 
stance in much greater volume than that of the 
shallow lake liquid in the wells, can have any 
doubt that this semi-crystalline substance extendis 

downward. 

This means differentiation and semi-congealing 
of the basaltic magma in the depths. The fire 
magma somewhere in those depths is escaping 
from the deep magma in the form of gas-charged 


foam consisting of vitreous bubbles at the top of 
the deep magma chamber. The crustal edifice 
above has yielded to swelling force or crustal ten- 
sional stress, and a crack permits the foam to pene¬ 
trate the crust towards the surface of the earth. 
This foam can actuate a melting in of old rocks. 
It is the pumices of the Antilles. 

At once contact cooling takes place, expansion 
cooling of gas is permitted, conduction into the 
walls of the crack occurs and a glassy or semi¬ 
crystalline enamel forms a shell around glass- 
blowing mechanism upward. 

With the paste magma extending downward 
gases play an important role in connecting vol- 
canism with the primary magmatic chambers, and 
the contact refuse of vesiculate glass rising up 
crustal fissures makes crystalline intrusions. The 
well-known basaltic dikes of Hawaii show nothing 
remarkable or particularly glassy in their middle 
zones, any more than aa flows consolidate glassy 
in their frozen streams. Basaltic dikes go geologi¬ 
cally deepest in the profoundly revealed earth- 
crust known to geology. Any of the so-called 
trap-dikes cutting most ancient formations may 
have had fire magma gushing up their middle zones 
to feed volcanoes at the surface of the earth. What 
about andesites, rhyolites, monzonites, diorites and 
all other porphyries? 

The profundity and uniformity and world dis¬ 
tribution of trap-dikes have been used as arguments 
for a basaltic substratum, and there appears to be 
reason for thinking that lava in action rises from 
depths of much more than 50 miles. It has ample 
matter and time for assimilation. That the wedging 
action of such magma makes earthquakes is veri¬ 
fied by the occurrence of earthquakes determined 
by the seismologists to be 30 miles or more deep 
under volcanoes, and 300 mil^ deep around the 
Pacific. 

The eruptive phenomena from the beginnmg 
have been; 

(1) Deep magmatic pressure. 

(2) Opening of the crack. 

(3) Effervescence, vesiculation accumiilatioD 
and reactions of gas, in the crack. 

(4) Surface opening and escape of gas, bub¬ 
bles collapsing. 

(5) Burning of gas on contact with air. 

(6) Deep effervescence and outflow. 

(7) Sudden stiffening with loss of gases. 

(8) Differentiation crystalline and vitreous. 

(9) Crystallization within the vent. 
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This means that the end o{ an eruption is a 
reassertion of the mountain pressure against crys¬ 
talline slag, a shrinkage by loss of gas of the 
internal deep paste still glassy to unknown depths, 
and an added weight of slag to the outside of the 
mountain. 

Tempest Anderson’s comment in his second re¬ 
port to the Royal Society after revisiting Soufriere 
in 1907 is one of the very few published statements 
(along with Fenner’s concerning Katmai) showing 
realization of active assimilation of old strata along 
linear upright dikes under ignisepta. 

He writes, “I venture in conclusion to submit 
Ae following speculation as to the depth of the 
volcanic foci beneath St. Vincent and Martinique. 
The chimneys of the two volcanoes appear to have 
some connection underground . . . the eruptions 
have been repeatedly either simultaneous or so 
nearly so that the difference in time might be ac¬ 
counted for by the magma being delayed in 
travelling through a devious and perhaps branching 
passage or system of passages blocked in different 
degrees by various obstructions. , . . The chemical 
composition of the ejecta is not more different 
than could be explained by the interaction bet>veen 
the magma at a high temperature and the walls 
of the passages, supposing them to intersect various 
strata. It seems, therefore, natural to conclude 
that the two volcanoes are at the ends of two 
branches of one common passage, and it is not 
unreasonable to suppose that these branches divide 
at an angle not very obtuse and consequently at 
a great depth.” 

Anderson explicitly expressed objection to the 
conception of a shallow reservoir as an extended 
intrusive sheet. His wide experience showed him 
that the upright dike from profound source on all 
scales is the feeder of a volcanic ridge. 


If we add to the nine eruptive phenomena above 
outlined a mechanism of invasion by ground-water 
under hydrostatic pressure, and of mud or debris 
seals held fast by vent engulfments and ridge 
pressure above, there is added a powerful agent, 
a boiler of water vapor under pressure, in contact 
with crystallizing magma. On the one hand it 
reduces viscosity (Morey), on the other it increases 
vapor pressure (Goranson), and stimulates sudden 
stiffening when the vapors are discharged (Shep¬ 
herd). The addition of water to silicate systems 
has been discussed by Day and Allen in connection 
with Lassen and the Yellowstone, and has formed 
the subject of many papers by the Geophysical 
Laboratory of Washington. 

To the relatively simple principles of inflowing 
cold water at a heated geyser-chamber (Jaggar, 
Figure 31), there is added in the region of Ander¬ 
son’s “branches dividing at great depth” a plexus 
of high-temperature hydrous physical chemistry 
added to oxidizing gases of hydrogen, carbon, sul¬ 
phur and chlorine, and also such bases as silicon 
hydrides, sulphides and halides. This is the energy 
field that supplies an intrusion furnace for operat¬ 
ing steam-blast eruption. 

(4) Engulfment lowering. “The geologist will 
never be wholly certain as regards the precipitating 
cause of the catastrophe.” So wrote Heilprin about 
Pelee, a challenge to twentieth century science. 

Both Pelee and Soufriere began with engulfment. 
Santa Maria in October 1902 engulfed its flank. 
Since 1902 Vesuvius had in 1906 its cyclical parox¬ 
ysm of a third of a century with engulfment. Bogos- 
lof built a lava heap and then engulfed it in 1907. 
Katmai engulfed its summit in 1912. Taal lowered 
its entire crater island in Bombon Lake, and its 
crater lake below sea level, in 1911. Sakurajima in 
1914 executed a two-flank collapse immediately 
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compensated by upwelling magma. Kilauea en» 
gulfed its inner pit in 1924. Both Lassen in 1915 
and Pelee in 1929 began steam-blast eruptions with 
engulfment rupture of summit domes of dacite. 

Vesuvius and Kilauea have set the standard for 
from a century and a half to three centuries, in 
demonstrating periodic crateral engulfment, alter* 
nating with crateral and flank lava upbuilding. The 
crateral engulfments are small or large, occasioned 
by magma withdrawal, and less or more in sending 
up waU-crack steam from the periphery of the low¬ 
ered paste column. 

All the twentieth century cases of engulfment 
above cited were accompanied by steam-blast, with 
various forms of internal and external avalanching, 
some with mud floods, and at least seven out of 
ten with tornado outblasts; and the other three 
Bogoslof, Vesuvius and Kilauea certainly vomited 
lateral trajectories. Taal and Bogoslof, both at sea 
level, had obscure rift elongations, but Bogoslof 
has three domes in a line, and Taal opened NE-SW 
earthquake cracks; all the other volcanoes had ob¬ 
vious rifts. 

With these statistics making clear the importance 
of engulfment, confirmed by recent studies of Kra* 
katoa by Stehn and Crater Lake by Williams, we 
can no longer deny that magma lowers and craters 
collapse. Becker’s denial of this in the old Bombon 
Lake at Taal, in opposition to four distinguished 
German and Spanish students of the geology of the 
Philippines, was a typical nineteenth-century result 
of the erroneous Krakatoa documents. His state¬ 
ment is: “It seems to me very improbable that a 
considerable cavernous subterranean space is left 
when lava is extruded ... on the other hand it is 
well known that craters of vast size have been 
formed by explosions.” 

This doctrine was explicity based on the impos¬ 
sibility of a cavernous subterranean space, and the 
certainty that the focal distance of steam down from 
the surface is many miles. Following the usual be¬ 
lief in rock flowage, (so much later authorized by 
Van Hise and discredited by F. D. Adams) Becker 
insisted that such a cavern would.be filled in im¬ 
mediately by inflow of its own sides, this “only par¬ 
tially relieving the tendency to upheaval which 
usually accompanies active volcanoes.” 

The foregoing theory is discordant with current 
knowledge of the rigidity of the crust, with all that 
is known about the intrusion of dikes and linear 
batholiths, and with all the seismometric probabili¬ 
ties concerning deep earthquakes and a major dis¬ 


continuity in the shell of the globe at a depth of 
2,900 kilometers (1,800 miles). 

If we think clearly about volcanism at all, we 
conceive magma as rising with various viscosities 
and high gas content up rifts, capable of withdraw¬ 
ing from high levels as a mobile liquid when it 
lengthens dike fissures subterraneously. If it length¬ 
ens them under the sea it makes submarine outflow 
and crateral collapse. 

This mechanism of lava lowering visibly and 
rapidly within a few hours, with seismic and out¬ 
flow accompaniments, is now common observed 
fact. Crateral collapse is merely an extension of this 
common happening, and what can happen to cra¬ 
teral magma can also happen to mobile intrusive 
magma at any depth in a deformable rigid crust. 

If a dike enters a void, whether of its own making 
or of earth warping, the solid crust has been rup¬ 
tured and a void has been formed. Therefore in the 
world of intrusive rocks filling cracks with straight- 
sided chambers, to say that a void is impossible is 
to deny the obvious. 

A void has to open in front of a sill, a dike, or 
even in the gas cupola of a batholith. It matters not 
whether the vacancy be filled with air, water or 
gas, or what the internal pressure, a vacancy has 
to occur amid the opening joints of solid rock be¬ 
fore it is completely filled with crystallizing magma. 

The critic might say the infilling is “instantan¬ 
eous,” It matters not what the time interval, it is 
the time required for a magmatic movement. Such 
movement is volcanic eruption, long or short, or 
igneous intrusion, long or short. The surface mani¬ 
festation is lava lowering or lava effusion; rain 
seepage or mud flow emission; hot spring lowering 
or hot spring effusion; air insuck or steam emis¬ 
sion; all utilize rock joints, faults, volcanic rifts or 
volcanic craters, especially at the wall-crack of old 
solidified fills. The volcanic energy heaves open old 
country rock, and what it can do on the surface, in 
the time required for an eruptive act, it can also do 
underground, in the time required for an intrusive 
act. 

This brings us to the main thesis of Heilprin s 
comment, “precipitating cause of the act,” referring 
to the blast destroying St. Pierre. Precipitating cause 
means sequence in time between a causal and a 
timed event. The supposition in Becker’s objection 
that magma has only a “tendency to upheaval 
would make such events as great volcanic earth¬ 
quakes, great lava outbreaks, and great steam catas¬ 
trophes all functionally magma upheavals (except 
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when the earthquakes are due to crustal strain). 
Darwin*s rising of live volcanic islands and sinking 
of dead ones is part of the same thesis. Thought of 
as local intrusive volcanology, both Becker and 
Darwin are right. But thought of as earth crust, 
everywhere under-shot with magma, and magma 
strongly influencing structural warpings, then we 
have to recognize cyclical compensation and migra¬ 
tion along ignisepta, whereby igneous bodies now 
alive, in the geological age of tomorrow may be 
dead. 

Just as the island Hawaii today is pressing up¬ 
ward and alive, so Midway Island at the other end 
of the chain has lowered and become an atoll. In 
1919 over upward stress Kilauea summit had risen. 
Wilson proved by precise levelling that the moun¬ 
tain went down in 1924 when the crater collapsed 
and the tumescent lava of the preceding decade 
lowered and flowed out under the sea. The nearby 
sea-bottom was 22,000 feet vertically lower. There 
was ample room for lava to siphon out. Man saw 
the evacuation, but the sea-bottom end was hidden. 
The precipitating cause of the act was measured in 
time pulsations by an observatory; a seasonal cycle, 
a cycle of decades, a cycle of centuries. It was con¬ 
firmed by correlated acts of adjacent volcanoes, and 
by correlated seismical acts timed and located. The 
precipitating cause was revealed as an age of pres¬ 
sure, an age of withdrawal, a half-decade of pres¬ 
sure, a few years of withdrawal, then a half-year of 
pressure and a crisis of withdrawal. Precipitating 
cause was a stress of centuries, measured as pulsa¬ 
tions, determinate only by record of rhythm and 
resistance of structure. 

On this basis the specified dates of eruption 
touched off by engulfment lowering are tied to the 


interaction of age-long upheaval, to use Becker’s 
term, with age-long local spasmodic failure of rock 
crust. Lava-lowering is the visible index of failure 
occurring periodically. Volcanic earthquake cen¬ 
ters are determinable loci of failure due to wedge 
splitting. Rising magma from earth core is the age¬ 
long dynamic agent of stress, of irruption, and of 
eruption. The line of fissures, the volcanic ridge 
with its warping appurtenances and the individual 
volcano are the resistant media that adopt spasms 
of yielding in accordance with the ratio between 
strength of material and distribution of magmatic 
stress. 

Between measurable geography and geophysics 
of the determinate elements of this equation a defi¬ 
nite science is building up, a science of ^’precipitat¬ 
ing causes.** 

It is not questionable that the leading event, fol¬ 
lowed by explosion at Vesuvius, Sakurajima, Ki¬ 
lauea, Krakatoa, Soufriere, Santa Maria and Kat- 
mai, was in each case lowering of magma, with 
definite prolonged tumescence preceding in the cases 
of Vesuvius, Kilauea and Sakurajima. These three 
were under observation and the lowering fulfilled 
expectancy. These three were liquid lava producers. 
Kilauea and Vesuvius exhibited crateral lava before 
the crisis, Vesuvius and Sakurajima emitted it above 
sea level during the crisis, Sakurajima continued 
to eject it as the country lowered, and Kilauea re¬ 
stored it craterally immediately after the crisis. Ail 
these were accompanied by paroxysmal steam blasts. 
To the writer it is not at all questionable that the 
steam blasts were magmatically foreign vapors—’ 
they were ground-water. 

The data whereby Mercalli and Matteuci at Vesu¬ 
vius, Omori at Sakurajima and Jaggar at Kilauea 



Figure 34. Riltmcmn's conception of the volcono island Uchia. with the Ilolian sedimentary 
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built up expectancy that was published before the 
event make too long a story to repeat here. Suffice 
it that all were keyed up to a high degree of expect* 
tion by the preceding Pelee disaster. All followed 
the profession of volcano observers. All had labora¬ 
tories that made geodetic measurement before and 
after the crisis. This trio of volcano observatory 
determinations of topographic tumescence and mag¬ 
matic lowering is enough to make virtually certain 
the occurrence of these movements, of plus and 
minus volcanicity, in the other volcanoes named. 

Measurement of lowering and recovery of visible 
crater lava within pits has been occasionally pos¬ 
sible in prolonged spells at some few such volcanoes 
as Kilauea, Vesuvius and Nyamlagira, (central Af¬ 
rica). The conception of the cycle originated at 
such lava-flow volcanoes. It is essentially a twen¬ 
tieth century conception. It has been elaborated for 
a century in connection with time and space dis¬ 
tribution of earthquakes, and the sciences of seis¬ 
mology and crustal warping are gradually being 
tied to magma. Tidal rhythm in the earth crust is 
suggested to anyone studying statistics in time, of 
volcanic eruptions and earthquakes. 

The excess of local frictional earthquakes at 
Kilauea concomitant with lava-lowering, and the 
migration of the centers to progressively greater dis¬ 
tances and depths, leads to the conclusion that mag¬ 
ma underground is extensive along the ignisept, 
when it is trivial and localized within a crater. So 
in time the eternal crunching motions of intrusion 
are innumerable along any single volcanic ridge 
like the Antilles when the vast extent of the sub¬ 
terranean rifts is appreciated. 

This makes the Pelee type of catastrophe a meas¬ 
urable and expectable event in time and space, when 
the distribution of unseen elevations, tilts and en- 
gulfment lowerings, and their proximity to the 
ground-water level is seismically evaluated and prop- 
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erly recorded with geophysical instruments. In 
other words the precipitating cause of the Pelee 
catastrophe was measurable and diagnosable in ad¬ 
vance, the locations could have been determined, 
and the events were entirely subject to prognosis 
on the bases of structure and cycle. 

The old solfataric rift was the ejection center for 
both paroxysms and nuees, for both steam and 
magma-gas, for boiling mud and pumice froth, for 
migratory splitting and mud transport of glowing 
ejecta. The crater basin was not the unique center. 
Central eruption is more linear and eccentric than 
has usually been believed. 

Engulfment as the great post-miocene process of 
surface terrestrial volcanism (calderas) is now at 
last being given its due credit (Williams). From 
Vesuvius in the year 79 to Krakaloa in 1883 as vol¬ 
canoes that blew their heads off, geology has been 
flatly in error. The estimates of “explosion” output 
in cubic miles are simply false. Magma lowers and 
extends itself in tension-opened cracks. Craters cave 
in and ground-water explodes up through them and 
their rift extensions as they plug themselves^ Hypo- 
magma (deep slag) in as yet unknown physical 
condition rises and falb intrusively under volcano 
systems achieving assimilation. Its incognito will 
be preserved until world measurement of earth 
crust and gas chemistry get together. 

The interplay of the four structural ingredients 
water, slag, gas and container has been described 
by the accounts of witnesses, and motion involving 
time and physical exchange between them is of the 
essence of this interplay. The author envisages vol- 
canisra in earth crust as deep intrusive process of 
the ages on linear fbsure systems of primitive 
origin. As such, magma maintains a pressure-con¬ 
stant against gravity of its accumulations, under¬ 
lines the bedrock of the crust beneath the earths 
surface, and b subject to law. 
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